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Abstract

BACKGROUND

Sulfasalazine has been used as a standard-of-care in ulcerative colitis for decades,
however, it results in severe adverse symptoms, such as hepatotoxicity, blood
disorders, male infertility, and hypospermia. Accordingly, the new treatment
strategy has to enhance pharmacological efficacy and stimultaneously minimize
side effects.

AIM

To compare the anti-inflammatory action of sulfasalazine alone or in combination
with herbal medicine for ulcerative colitis in a dextran sodium sulfate (DSS)-
induced colitis mouse model.

METHODS

To induce ulcerative colitis, mice received 5% DSS in drinking water for 7 d.
Animals were divided into five groups (1 = 9 each) for use as normal (non-DSS),
DSS controls, DSS + sulfasalazine (30 mg/kg)-treatment experimentals, DSS +
sulfasalazine (60 mg/kg)-treatment experimentals, DSS + sulfasalazine (30
mg/kg) + Citrus unshiu peel and Bupleuri radix mixture (30 mg/kg) (SCPB)-
treatment experimentals.

RESULTS

The SCPB treatment showed an outstanding effectiveness in counteracting the
ulcerative colitis, as evidenced by reduction in body weight, improvement in
crypt morphology, increase in antioxidant defenses, down-regulation of
proinflammatory proteins and cytokines, and inhibition of proteins related to
apoptosis.
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CONCLUSION
SCPB may represent a promising alternative therapeutic against ulcerative colitis,
without inducing adverse effects.

Key Words: Dextran sulfate sodium; Ulcerative colitis; Anti-inflammatory; Sulfasalazine;
Citrus unshiu peel and Bupleuri radix mixture; Apoptosis

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Sulfasalazine has been used widely as a standard-of-care in ulcerative colitis;
however, it is associated with a spectrum of side effects after long-term and high-dose
intake. Since a single dose of sulfasalazine cannot provide satisfactory therapeutic results,
we conducted a comparative evaluation of the pharmacological effect of sulfasalazine
alone and when used in combination with Citrus unshiu peel and Bupleuri radix mixture in
an experimentally-induced ulcerative colitis mouse model.

Citation: Shin MR, Park HJ, Seo BI, Roh SS. New approach of medicinal herbs and
sulfasalazine mixture on ulcerative colitis induced by dextran sodium sulfate. World J
Gastroenterol 2020; 26(35): 5272-5286

URL: https://www.wjgnet.com/1007-9327/full/v26/i35/5272.htm
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INTRODUCTION

Inflammatory bowel diseases (IBDs), including ulcerative colitis (UC) and Crohn’s
disease, are chronic and uncontrolled intestinal disorders that have emerged
collectively as an important public health problem worldwide!'l. The recommended
drugs in clinical use for treatment of IBD patients currently include corticosteroids,
sulfasalazine, immunosuppressants, antibiotics, and anti-tumor necrosis factor (TNF)-
a antibodies. Conventional therapies also involve combinations of these agents!*’..
Unfortunately, the incidence and prevalence of IBDs are continuing to increase!’! and
the plethora of data from cases treated with the commonly used drugs have revealed a
number of side effects and troubling issues, such as blood disorders, hepatotoxicity,
hypospermia, male infertility, and economic burdent. Thus, alternatives for a safer,
cheaper, and more efficacious approach to managing and/or treating IBDs is needed.

Diverse mixtures of herbal medicines have been screened as candidates for
alleviating various inflammatory disorders®’l. Toki-shakuyaku-san, which is a
traditional kampo medicine, was found to down-regulate the inflammatory and
apoptotic signaling during colitis®. The rhizome mixture of Anemarrhena asphodeloides
and Coptidis chinensis was found to exert an anti-colitic effect by inhibiting nuclear
factor-kappa B (NF-kB) activation. Moreover, Hange-shashin-to was found to
suppress IBD in a rat model of experimental colitis'”. Ultimately, the collective
research findings support the potential benefit of anti-inflammatory herbal
combinations in colitis.

Citrus unshiu peel has been used widely throughout East Asia for improving the
common cold, dyspepsia, and blood circulation". The Citrus unshiu peel — a seedless
and easy-peeling citrus fruit — contains various flavonoids, such as hesperidin,
naringin, and nobiletin!'*"l. These active compounds have been reported to exert
potent anti-inflammatory, antioxidant, anti-adipogenic, anti-diabetic, anti-microbial,
and anti-allergic activities!'>'"l. On the other hand, Bupleuri radix has been mainly
applied in clinical use for liver-related disease, and the recent pharmacological
research has demonstrated its renoprotective and hepatoprotective effects!'”'l.
Saikosaponins isolated from Bupleuri radix possess valuable pharmacological
activities, including those of anti-inflammatory, antitumor, antiviral, and anti-allergic,
working mainly through NF-xB or mitogen-activated protein kinase (MAPK)
pathways!?1. On the basis of these reports, we estimated that Citrus unshiu peel
according to its anti-inflammatory effect and Bupleuri radix according to its
hepatoprotective and renoprotective effects may be able to exert therapeutic benefits in
UcC.

To date, there are no studies on the potential anti-inflammatory effect of a treatment

5273 September 21,2020 | Volume?26 | Issue35 |


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.wjgnet.com/1007-9327/full/v26/i35/5272.htm
https://dx.doi.org/10.3748/wjg.v26.i35.5272

Shin MR et al. Inhibitory effect on ulcerative colitis

Jaishideng®

mixture of Citrus unshiu peel and Bupleuri radix nor on its underlying mechanisms.
The present study was conducted to evaluate the pharmacological effect of
sulfasalazine alone and in combination with Citrus unshiu peel and Bupleuri radix
mixture in UC, using a well-established experimentally-induced UC mouse model
system.

MATERIALS AND METHODS

Materials

Dextran sodium sulfate (DSS) (molecular weight: 36000-50000 Da) was purchased from
MP Biologicals (Santa Ana, CA, United States). Sulfasalazine (purity = 98%) and
phenylmethylsulfonyl fluoride (commonly known as PMSF) were purchased from
Sigma-Aldrich (St. Louis, MO, United States). Protease inhibitor mixture solution and
ethylenediaminetetraacetic acid (commonly known as EDTA) were purchased from
Wako Pure Chemical Industries, Ltd. (Osaka, Japan). 2',7'-dichlorofluorescein diacetate
(referred to as DCF-DA) was obtained from Molecular Probes (Eugene, OR, United
States). Pierce bicinchoninic acid protein assay kit was obtained from Thermo Fisher
Scientific (Waltham, MA, United States). Enhanced chemiluminescence (commonly
known as ECL) western blotting detection reagents and pure nitrocellulose
membranes were supplied by GE Healthcare (Chicago, IL, United States). The
following antibodies were obtained from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, United States): (mouse polyclonal) nuclear factor-kappa B p65 (NF-xBp65) (1:1000;
SC-372), p47rrex (1:1000; SC-14015), Rac 1 (1:1000; SC-217), superoxide dismutase (SOD)
1:1000; SC-11407), glutathione peroxidase-1/2 (GPx-1/2) 1:1000; SC-30147), Bax
(1:1000; SC-7480), Bcl-2 (1:1000; SC-7382), monocyte chemoattractant peptide-1 (MCP-
1) (1:1000; SC-28879), and intercellular adhesion molecule-1 (ICAM-1) (1:1000; SC-
1511-R); (goat polyclonal) tumor necrosis factor-a (TNF-a) (1:1000; SC-1351) and
interleukin-1f (IL-1p) (1:1000; SC-1252); (mouse monoclonal) phosphor-extracellular
signal-regulated kinase 1/2 (p-ERK1/2) (1:1000; SC-7383), phosphor-p38 (p-p38)
(1:1000; SC-7973), cyclooxygenase-2 (COX-2) (1:1000; SC-19999), inducible nitric oxide
synthase (iNOS) (1:1000; SC-7271), histone (1:1000; SC-8030), and B-actin (1:1000; SC-
4778); and rabbit anti-goat (1:3000; SC-2774), goat anti-rabbit (1:3000; SC-2004), and
goat anti-mouse (1:3000; SC-2005) immunoglobulin G (IgG) horseradish peroxidase
(HRP)-conjugated secondary antibodies. Mouse monoclonal anti-caspase-3 (1:1000;
3004-100) was purchased from BioVision Inc. (Mountain View, CA, United States).
Rabbit polyclonal anti-reduced nicotinamide adenine dinucleotide phosphate oxidase
4 (NOX4) was purchased from LifeSpan BioSciences (Seattle, WA, United States). All
other chemicals and reagents were purchased from Sigma-Aldrich (St. Louis, MO,
United States).

Plant materials

Bupleuri radix was supplied by Bonchowon (Yeongcheon-si, Gyeongsangnam-do,
South Korea) and two herbs were produced according to Korean Good Manufacturing
Practice. Dried Bupleuri radix (100 g) was extracted with 10 volumes of water and
boiled in distilled water (100°C for 2 h). After filtration, the water extracts were
evaporated using a rotary evaporator at 45°C and the solvent was evaporated in vacuo
to give an extract with a yield of 26%. In addition, a crude drug preparation of Citrus
unshiu peel (Citri unshiu pericarpium) (1 kg; Wansan Medicinal Herbs Co. Ltd., Jeonju-
si, South Korea) was extracted with ethanol: H,O (1:1) under reflux (2 L x 3). After the
solvent was evaporated under reduced pressure, the crude extract (220 g) was
obtained. The two prepared herbs were kept at -80°C until use in animal experiments.

Experimental animals and induction of colitis

All procedures involving animals were reviewed and approved by the Institutional
Animal Care and Use Committee of the Daegu Haany University (No. DHU2017-043).
Eight-week-old male BALB/c mice, weighing 22-24 g, were purchased from Orient Bio
Animal Center (Seongnam-si, South Korea). Mice were maintained under a 12h
light/dark cycle, housed at a controlled temperature of 24 + 2°C and humidity of
approximately 60%). After adaptation (1 wk), acute colitis was induced by oral
administration of 5% (w/v) DSS dissolved in drinking water, for 7 d'””l. The colitic mice
were divided into four groups (1 = 9 each) for use as DSS controls, DSS + sulfasalazine
(30 mg/kg)-treatment experimentals, DSS + sulfasalazine (60 mg/kg)-treatment
experimentals, DSS + sulfasalazine (30 mg/kg) + Citrus unshiu peel and Bupleuri radix
mixture (30 mg/kg) (SCPB)-treatment experimentals. A group of 9 untreated (normal)
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mice received drinking water without DSS throughout the entire experimental period.
Sufasalazine was used as the positive reference agent and it was given at doses of 30
mg/kg/d or 60 mg/kg/d. The 30 mg/kg Citrus unshiu peel and Bupleuri radix
mixture was comprised of 25 mg/kg Citrus unshiu peel and 5 mg/kg Bupleuri radix
(for a 5:1 ratio) and mixed just before application as the drug treatment. At 18 h after
the last dosage was given, 2.5% isoflurane (Troikaa Pharmaceuticals Ltd., India) was
administered for blood sample collection (cardiac puncture), sacrifice, and removal of
the entire colon. All collected specimens were snap-frozen in liquid nitrogen and
stored at -80°C until analysis. Symptomatic index of colitis, such as body weight loss,
rectal bleeding, and mucus or watery diarrhea, were observed during experimental
periods (before sacrifice).

Measurement of serum reactive oxygen species

Serum reactive oxygen species (ROS) concentration was measured by employing the
method of Ali ef al™. Briefly, 25 mmol/L DCF-DA was added to the serum and
allowed to incubate for 30 min, after which the changes in fluorescence values were
determined at an excitation wavelength of 486 nm and emission wavelength of 530
nm.

Hematoxylin and eosin staining of colon tissue

For microscopic evaluation, intestine tissue was fixed in 10% neutral-buffered formalin
and, after embedding in paraffin, cut into 2 mm sections and stained using
hematoxylin and eosin (H&E), for microscopic evaluation. The stained slices were
subsequently observed under an optical microscope and analyzed using the iSolution
Lite software program (InnerView Co., Seongnam-si, Gyeonggi-do, South Korea).

Preparation of cytosol and nuclear fractions

Protein extraction was performed according to the method of Komatsu™l, with minor
modifications. Briefly, colon tissues were processed to obtain the cytosol fraction by
homogenization with ice-cold lysis buffer A (250 mL; containing 10 mmol/L HEPES
(pH 7.8), 10 mmol/L KCl, 2 mmol/L MgCl,, 1 mmol/L DTT, 0.1 mmol/L EDTA, 0.1
mmol/L PMSF, and 1250 pL protease inhibitor mixture solution). After incubation for
20 min at 4°C, the homogenate was mixed with 10% NP-40 and centrifuged (13400 x g
for 2 min at 4°C; 5415R Centrifuge from Eppendorf, Hamburg, Germany). The
supernatant liquid (cytosol fraction) was separated into a new e-tube and the pellets
were washed twice with buffer A (wash supernatants were discarded). The washed
pellets were resuspended with lysis buffer C (20 mL; containing 50 mmol/L HEPES
(pH 7.8), 50 mmol /L KCl, 300 mmol/L NaCl, 1 mmol/L DTT, 0.1 mmol/L EDTA, 0.1
mmol/L PMSF, 1% (v/v) glycerol and 100 pL protease inhibitor mixture solution) and
incubated for 30 min at 4°C. After centrifugation (13400 x g for 10 min at 4°C), the
nuclear fraction was prepared to collect the supernatant. Both cytosol and nuclear
fractions were stored at -80°C until analysis.

Immunoblotting analysis

For the estimation of NF-kBp65 and histone, 12 ug of protein from each nuclear
fraction was electrophoresed through 10% sodium dodecylsulfate polyacrylamide gel
(commonly known as SDS-PAGE). The electro-separated proteins were then
transferred to a nitrocellulose membrane, blocked with 5% (w/v) skim milk solution
for 1 h, and incubated with primary antibodies (NF-KBp65 and histone) overnight at 4
°C. After the blots were washed, they were incubated with anti-rabbit or anti-mouse
IgG HRP-conjugated secondary antibody for 1 h at room temperature. In addition, 7.5
pg protein of each cytosol fraction was electrophoresed through 8%-12% SDS-PAGE
for detection of NOX4, p47/"*, Racl, Bax, Bcl-2, caspase-3, SOD, catalase, GPx-1/2,
COX-2, iNOS, TNF-a IL-1p, MCP-1, ICAM-1, and f-actin. Each antigen-antibody
complex was visualized using the ECL western blotting detection reagents and
measured by chemiluminescence with Sensi-Q 2000 Chemidoc (Lugen Sci Co., Ltd.,
Gyeonggi-do, South Korea). Band densities were measured using ATTO Densitograph
Software (ATTO Corp., Tokyo, Japan) and quantified as the ratio to histone or 3-actin.
The protein levels of the groups are expressed relative to those of the normal mice
group (represented by the value of 1.0).

Statistical analysis

The data are expressed as the mean * standard error of the mean. Statistical analysis
was performed by one-way ANOVA followed by Least-significant differences (LSD)
test using SPSS version 22.0 software (SPSS Inc., Chicago, IL, United States). P values
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less than 0.05 were considered to indicate statistical significance.

RESULTS

SCPB attenuated the progression of DSS-induced colitis in mice

Compared with the normal (non-DSS) group, the DSS control group showed
considerably greater body weight loss over the experimental period (P < 0.001).
However, oral administration of SCPB and sulfasalazine mildly ameliorated the
severity of body weight loss in the DSS control group (Figure 1A). As shown in
Figure 1B, the DSS control group showed colon length reduction of 57.94% compared
with that of the normal group (P < 0.001); however, the group treated with SCPB
showed a 2.8% increase compared with that of the DSS control group but the
difference did not reach the threshold for statistical significance.

Colonic inflammation involves the disruption of crypt morphology, resulting in the
infiltration of inflammatory cells and thickening of the lamina propria®. As shown in
Figure 1C, the colons of the DSS control group showed histologic alterations such as
infiltration of numerous inflammatory cells, goblet cell degeneration, and crypt
distortion consistent with UC. Treatment with sulfasalazine or SCPB appeared to
preserve the broad crypt distortion and ameliorate the infiltration of inflammatory
cells.

SCPB ameliorated biomarkers associated with oxidative stress in DSS-induced
colitis in mice

As shown in Figure 2A, serum ROS levels in the DSS control group were markedly
higher than that in the normal (non-DSS) group (P < 0.001); however, the
administration of sulfasalazine or SCPB appeared to lead to a marked decrease in the
DSS-induced elevated levels (P < 0.001). As shown in Figure 2B, the protein
expressions of nicotinamide adenine dinucleotide phosphate (NADPH) oxidase
enzymes in the DSS control group were significantly elevated compared with those in
the normal (non-DSS) group (NOX4, P < 0.05; p47r*, P < 0.01; Rac 1, P < 0.001).
However, the SCPB administration appeared to decrease and ameliorate the levels of
each, in a manner superior to that of sulfasalazine alone (NOX4, P < 0.05; p47°, P <
0.05; Rac 1, P < 0.001). The 60 mg/kg sulfasalazine dosage, especially, showed a
remarkable tendency towards effecting this decrease, but the difference did not reach
the threshold for statistical significance.

SCPB up-regulated antioxidant enzymes in DSS-induced colitis in mice

Oxidative stress plays a vital role in IBD™]. The activities of SOD and catalase showed
a significant decrease in the DSS control group compared to those in the normal (non-
DSS) group (SOD, P < 0.05; catalase, P < 0.001). However, the SPCB treatment
significantly elevated the activities of SOD and catalase, but not of GPx-1/2 and the
differences did not reach the threshold for statistical significance. These results
indicated that SCPB supplementation may decrease the extent of colonic injury via its
antioxidant effect (SOD, P < 0.05; catalase, P < 0.01) and do so in a manner superior
treatment with sulfasalazine alone (Figure 3).

SCPB suppressed MAPK-related protein expressions in DSS-induced colitis mice
The MAPK pathways can be activated by oxidative stress, leading to inflammation
processes and apoptosis®l. MAPK-related protein expressions showed augmentation
in the colons of mice in the DSS control group compared to those of the normal (non-
DSS) group (p-p38, P < 0.05; p-ERK1/2; P < 0.01); in contrast, the oral administration
of SCPB significantly decreased the expression of both p-p38 and p-ERK1/2, which
reached nearly normal levels (P < 0.05), as shown in Figure 4.

SCPB abrogated NF-kB activation and expressions of NF-kB-related inflammatory

proteins in DSS-induced colitis mice

It has been confirmed that NF-kB is the central transcription factor in the regulation of
proinflammatory mediators (i.e.,, COX-2 and iNOS), proinflammatory cytokines (i.e.,
TNF-a and IL-1P), and at least one chemokine (i.e., MCP-1), and one adhesion
molecule (i.e., ICAM-1) during inflammation””. The DSS control group showed
enhanced phosphorylation of NF-xB in colon (P < 0.01), whereas the elevation was
significantly reversed upon SCPB (P < 0.05). As important downstream targets of NF-
kB, the expressions of COX-2 and iNOS were increased in the DSS control group and
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markedly blocked in mice given SCPB supplementation (P < 0.05). In contrast,
treatment with sulfasalazine alone merely showed a tendency to decrease the
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Figure 2 Sulfasalazine (30 mg/kg) + Citrus unshiu peel and Bupleuri radix mixture (30 mg/kg) reduced Serum reactive oxygen species
and NADPH oxidase activity in colon. A: Serum reactive oxygen species (ROS); B: Western blot detection of NADPH oxidase proteins; NOX4, p47°", and
Rac 1 protein expressions in mice from the groups of Normal (non-DSS), Vehicle (DSS control), 30sulfa (sulfasalazine 30 mg/kg-treated), 60sulfa (sulfasalazine 60
mg/kg-treated), and SCPB (30sulfa plus Citrus unshiu peel and Bupleuri radix mixture at 30 mg/kg-treated). Data are presented as mean + standard error of the
mean for n=7.2P < 0.05, °P < 0.01, ®P < 0.001 vs normal (non-DSS and untreated) mice; °P < 0.05, P < 0.001 vs DSS control mice. SCPB: Sulfasalazine (30 mg/kg)
+ Citrus unshiu peel and Bupleuri radix mixture (30 mg/kg); ROS: Reactive oxygen species.

expression of the two factors. Moreover, expressions of TNF-a and IL-1f as well as
COX-2 and iNOS were noticeably amplified in the DSS control group but
administration of both SCPB and sulfasalazine significantly inhibited this effect. These
protein levels were down-regulated similarly or to an extent lower than normal levels
(Figure 5). Furthermore, the level of MCP-1 and ICAM-1 protein expressions were
decreased in the mice who received SCPB.

SCPB inhibited apoptosis in DSS-induced colitis mice

The excess exposure of ROS in the colonic mucosa is known to trigger apoptosis of
colon epithelial cells, leading to progression of IBD"I. The DSS control group showed
the disease-characteristic apoptosis features of inflamed colon epithelial cells,
supported by an observable increase in Bax and caspase-3 activities (Figure 6). In
contrast, the SCPB treatment appeared to lead to marked down-regulation of the DSS-
induced Bax and caspase-3 activities (P < 0.001 and P < 0.05, respectively). These
findings suggest that SCPB may protect the colon mucosa from apoptosis in DSS-
induced colitis. Meanwhile, Bcl-2 protein expression during UC didn’t show a
significant difference as only a mild increase.

DISCUSSION

UC is a type of IBD characterized by chronic inflammation of the intestinal mucosa,
manifesting body weight loss, bloody diarrhea, tenesmus, abdominal pain, and
fatigue. The incidence and prevalence of UC have been reported over many years and
both continue to show a rapid increase worldwide”). Nowadays, sulfasalazine, a
prodrug of 5-aminosalicylic acid, is currently used as the first-line therapy for mild-to-
moderate UCM. Although its clinical prescription is executed routinely, the ratios of
refractory and relapsed cases are comparatively high"! and it remains at the limit of
poor tolerability due to frequent gastrointestinal side effects!™. DSS, used for the
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Figure 4 P-p38 and p-ERK protein expressions in Dextran Sodium Sulfate-induced colitis. Western blot detection of the mitogen-activated protein
kinase-related proteins; p-p38 and p-ERK in mice from the groups of Normal (non-DSS), Vehicle (DSS control), 30sulfa (sulfasalazine 30 mg/kg-treated), 60sulfa
(sulfasalazine 60 mg/kg-treated), and SCPB (30sulfa plus Citrus unshiu peel and Bupleuri radix mixture at 30 mg/kg-treated). Data are presented as mean + standard
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Bupleuri radix mixture (30 mg/kg).

induction of UC in animal models, causes a marked inflammatory and immune
response by affecting DNA replication, inhibiting the overgrowth of epithelial cells,
inducing macrophage activation, increasing the release of cytokines, and breaking the
balance of gut microflora. The gut microflora itself is a critical player in intestinal
permeability with imbalance between beneficial and pathogenic bacteria being
implicated in IBD pathogenesis™l. Consequently, DSS supplementation results in acute
UC, which is similar to human UC and making it is an ideal model that has been
widely used to study the mechanism of UC and for screening of potential drugs™ .
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The present study provided, for the first time, a comparative evaluation of the
pharmacological efficacy of sulfasalazine combined with Citrus unshiu peel and
Bupleuri radix mixture (the ‘SCPB’ treatment described herein), as compared with
sulfasalazine alone, in a mouse model of UC. While our the DSS control mice had
significantly increased body weight loss and decreased colon length, previous studies
have showed length of colon to be inversely correlated with severity of the
experimental colitist™. In our study, the DSS-induced mice showed significantly
decreased final body weight and both the sulfasalazine and SCPB treatments curtailed
the body weight loss and the shortening of the colon length. Herein, each groups
showed the improvement effect like 30sulfa (1.96%), 60sulfa (5.36%), and SCPB (4.79%)
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Figure 6 Bax, Bcl-2, and caspase-3 protein expressions in Dextran Sodium Sulfate-induced colitis. Western blot detection of the apoptotic and
anti-apoptotic proteins; Bax, Bcl-2, and caspase-3 in mice from the groups of Normal (non-DSS), Vehicle (DSS control), 30sulfa (sulfasalazine 30 mg/kg-treated),
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on the colon length compared to the DSS control mice although it was not significant.
The DSS-induced colonic mucosal damage persisted till day 7, evidenced by epithelial
necrosis, impaired mucosa integrity (with submucosa showing hyperemia and
edema), and ulceration, accompanied by infiltration of numerous inflammatory cells,
such as monocytes and macrophages”); importantly, these pathogenic features
appeared to be alleviated by the SCPB treatment.

Excessive ROS, including superoxide radicals (O,), hydroxyl radicals, hydrogen
peroxide and singlet oxygen, may have detrimental effects on such basic cellular
components as DNA, proteins, and lipids. The enzymatic process that can generate
ROS is the reaction catalyzed by NADPH oxidasel™. In resting cells, the subunits of
NADPH oxidase are present in the cytosol and the membranes. Upon cell activation,
the subunits are assembled on a membrane-bound vesicle, which then fuses with the
plasma membrane, resulting in the release O, %"\ Accumulation of O, causes an
elevation of the detectable ROS, leading to acceleration of an inflammatory cascade.
The influence of ROS in the pathogenesis of gastrointestinal diseases, such as colon
cancer and acute and chronic pancreatitis, has been demonstrated*’. Above all, the
previous studies have indicated the importance of ROS-induced oxidative stress in the
development of UCI*I and overproduction of ROS via NADPH oxidases, including
NOX4, p477, and Rac 1, has been implicated in tissue damage observed in chronic
inflammatory disorders!t. In the current study, the DSS injury was accompanied by an
elevated level of serum ROS, which was decreased upon treatment with either
sulfasalazine or SCPB. The protein expressions of NOX4, p47°"*, and Rac 1 (the
markers of NADPH oxidase activity) were augmented in the colons of the DSS control
mice. While the 60 mg/kg sulfasalazine-alone treatment down-regulated the NADPH
oxidase activity, the SCPB treatment did so to a much greater extent. Generally, ROS
are neutralized by endogenous antioxidant enzymes!*]; namely, SOD converts O, to
hydrogen peroxide, which is subsequently neutralized to water by the actions of
catalase and GPx-1/2. IBD patients present with serious impairment in antioxidant
enzyme levels in their intestinal mucosa*!. In our study, the SOD, catalase, and GPx-
1/2 enzymic antioxidants were markedly decreased in the mice with DSS-induced
colitis. SCPB administration significantly increased the activities of SOD and catalase
but not of GPx-1/2. Overall, these results indicate that SCPB regulates antioxidant
enzyme activity against oxidative stress in DSS-induced colitis mice; moreover, this
effect was superior to that effected by sulfasalazine alone.

NEF-kB participates in controlling the activation of various proinflammatory
cytokine genes, such as IL-1f, IL-6, and TNF-a, underlying its critical role in the
pathogenesis of UC. MAPKs are also implicated in the pathogenic mechanism, and
their activity leads to the activation of various nuclear transcription factors. ROS
overproduction activates MAPKs, including p38 and ERK1/2. Phosphorylation of p38
has been confirmed after induction of experimental colitis, wherein activation of p38
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can greatly promote the activation of immune cells and aggravate inflammation!*l. In
particular, p38 MAPK has numerous direct and indirect interactions with NF-xB.
Namely, the phosphorylation of p38 MAPK is implicated by leading to the activation
of NF-xB. Moreover, the phosphorylation of ERK1/2 MAPKs are also stimulated upon
activation of NF-kBI*l. In the present study, the colons of DSS-induced colitis mice
showed the expected increases in expressions of ERK1/2 and p38, which SCPB
treatment was able to decrease significantly. The NF-«B transcription factor plays a
critical role in inflammation, facilitating the expression and secretion of various
proinflammatory cytokines, mediators, and chemokines to mediate a series of
subsequent inflammatory cascades!’. Blocking NF-xB activation is known to reduce
the release of proinflammatory cytokines, thereby alleviating development of the
inflammatory response and achieving a therapeutic effect. In this study, we evaluated
the inhibitory effect of SCPB on NF-kB activation in DSS-induced colitis mice. The
DSS-induced elevation in NF-kB levels was suppressed upon SCPB treatment but the
inhibitory effect of SCPB was much lower than that of sulfasalazine alone. These
results suggest that SCPB could ameliorate DSS-induced acute colitis by inhibiting NF-
kB activation. NF-xB activation exerts a strong influence on the inflammatory
response.

Our results also indicate that SCPB significantly inhibited the induction of COX-2
and iNOS expressions and the production of the proinflammatory cytokines TNF-a
and IL-1p. Moreover, the SCPB treatment remarkably down-regulated the MCP-1
chemokine and attenuated the adhesion molecule ICAM-1. Excessive exposure of ROS
under inflammatory conditions is known to increase epithelial cell apoptosist*”, which
is likely to deteriorate epithelial barrier integrity and has an influence on intestinal
damage. Thus, we postulated that DSS treatment is responsible for inducing apoptosis
through activation of apoptosis proteins, specifically Bax and caspase-3, and
suppression of anti-apoptotic protein, namely Bcl-2, as reported by other
researchers’!l, Indeed, our DSS-induced colitis mice showed a considerable down-
regulation of Bax and caspase-3 upon SCPB treatment. However, Bcl-2 just showed a
tendency to increase without a significance. Maybe it judged that other anti-apoptotic
protein such as survivin must have been is involved in apoptosis.

CONCLUSION

As a result, the administration of SCPB to mice treated with DSS ameliorated acute
inflammation and apoptosis in the colon, as shown in Figure 7. Taken together, the
present findings suggest that SCPB is an effective inhibitor of DSS-induced colitis in
mice. The SCPB treatment showed enhanced therapeutic effect compared to that of the
standard sulfasalazine treatment. Nevertheless, the underlying mechanism of SCPB is
still ambiguous and further profound researches are needed.
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Figure 7 Possible mechanism of Citrus unshiu peel and Bupleuri radix mixture combined with sulfasalazine in Dextran Sodium Sulfate-
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ARTICLE HIGHLIGHTS

Research background

Ulcerative colitis (UC) has high incidence worldwide and is characterized by
unintentional weight loss, abdominal pain, mucous and bloody diarrhea, and anemia.
Generally, the recommended therapies for UC include anti-inflammatory drugs,
antibiotics, immunosuppressants, and anti-tumor necrosis factor-alpha antibodies.
Sulfasalazine, a drug composed of 5-aminosalicylic acid and sulfapyridine, has been
prescribed as a standard-of-care in UC treatment. Otherwise, it can produce a variety
of side effects upon long-term and high-dose intakes. Hence, an alternative approach
for a safer, cheaper, and more efficacious management or treatment of UC is needed.

Research motivation

UC is chronic and complex autoimmune inflammatory disorder. The incidence of UC
has grown worldwide over the recent decades and the quality of life for patients
suffering from UC has been falling quickly, in tandem. The findings from our research
will give essential help towards dealing with the problems of these patients, with
sulfasalazine with Citrus unshiu peel and Bupleuri radix mixture (referred to as SCPB),
one of more safe and effective herbal medicine mixtures, contributing to improving
their quality of life.

Research objectives

The present study was conducted to evaluate the pharmacological effect of
sulfasalazine alone and as the SCPB combination using an experimentally-induced UC
mouse model.

Research methods

Ulcerative colitis was induced by 5% dextran sodium sulfate in drinking water for 7 d.
The pharmacological effect of sulfasalazine alone and SCPB was evaluated using
serum analysis, histological exam, and western blotting. The colon tissue was selected
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as the region of interest for data analysis. One-way ANOVA followed by Least-
significant differences (LSD) test were used for statistical inference.

Research results

The SCPB treatment significantly inhibited the induction of COX-2 and iNOS
expressions and the production of the proinflammatory cytokines TNF-a and IL-1p.
Moreover, the SCPB treatment remarkably down-regulated the MCP-1 chemokine and
attenuated the adhesion molecule ICAM-1. The SCPB treatment exerted anti-apoptotic
effect though a considerable down-regulation of Bax and caspase-3 upon SCPB
treatment.

Research conclusions

The SCPB supplementation showed enhanced therapeutic effect compared to that of
the standard sulfasalazine treatment. Accordingly, SCPB may represent a promising
alternative therapeutic against ulcerative colitis without inducing adverse effects.

Research perspectives

A single dose of sulfasalazine cannot provide satisfactory therapeutic results because
of a spectrum of side effects after long-term and high-dose intake. However, when we
used in combination with Citrus unshiu peel and Bupleuri radix mixture in an
experimentally-induced ulcerative colitis mouse model, its inflammation was
alleviated significantly. SCPB therapy may be more efficious for symptom
improvement of patients with ulcerative colitis in future.
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