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22 Abstract: In this study, dextran sulfate sodium (DSS)-induced in vivo model and LPS-
23 stimulated in vitro model were used to confirm whether ethanol extract of Cnidii Rhizoma
24 (EtCR) could ameliorate UC. EtCR improved symptoms of UC, including body weight loss,
25  colon length shortening, disease activity index (DAI), and colon mucosal damage. In addition,
26 EtCR decreased inflammatory mediators, including cyclooxygenase-2 (COX-2) and inducible
27  nitric oxide synthase (iNOS), in colon tissue. To further confirm the UC improving mechanism,
28 RAW 264.7 cells and HT29 human epithelial cells were used. EtCR reduced expression of
29 inflammatory cytokines (IL-1B, TNF-a, and IL-6) and inflammatory mediators (nitric oxide
30 and prostaglandin E») via JNK and NF-kB signaling pathway in RAW 264.7 cells. In addition,
31  EtCR increased expression of trefoil factor 3 (TFF3), which is an epithelial cell protective
32 factor, in HT29 cells. Taken together, our study suggests that EtCR has treatment effect on UC

33  and can be a therapeutic agent.

34
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36 1. Introduction

37 Ulcerative colitis (UC) 1s a chronic and multifactorial inflammatory bowel disease
38  (IBD), which is mainly occurred in the rectum and colon [1]. Nevertheless UC is not life-
39 threatening in itself, it has been reported that chronic recurrence of UC could increase the risk
40  of colorectal cancer, which is the third most common cancer in the world [2]. Several drugs
41  such as aminosalicylic acid drugs, immune suppressor, and hormone agents have been used to
42  treat UC. However, many people are still suffered from high recurrence rates of UC and side-
43  effects of drugs [3]. Although the etiologies of UC and a lot of therapies have been studied, it

44 is very difficult to treat because of recurrence and other unknown reasons.

45 Among the various causes of UC, pro-inflammatory cytokines, which are mainly
46  secreted from macrophages, T cells and epithelial cells, is certainly thought as a crucial factor
47  in the treatment of UC. Since recurrence of intestinal inflammation is related to an abnormal
48  immune response, cytokines can be an important mediator to control the intestinal immune
49  system [4]. In patients with UC, increased level of pro-inflammatory cytokines including IL-
50 1P, IL-6, and TNF-a have observed and expression of these cytokines are regulated by many
51  kinds ofintracellular proteins [5,6]. Among them, mitogen-activated protein kinases (MAPKSs),
52 including extracellular signal-regulated kinases (ERKs), the c-Jun N-terminal kinases (JNKs)
53 and the p38 MAPK, are participated in inflammatory response by producing inflammatory
54  mediators [7]. These signaling pathways can regulate inflammation by converting extracellular
55  stimuli into the intracellular signaling, which induce the expression of inflammation related

56  genes [8].
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57 Nuclear factor-kappa B (NF-«B), which is one of the downstream factor of MAPKs, is
58 also crucial factor for treatment of UC. It has been reported that patients with UC show strongly
59 activated NF-xB in colon tissues [9]. NF-kB is consisted of p50 and p65, which normally exist
60  in cytoplasm with inhibitor of NF-xB (IxB) [10]. By extracellular stimuli, IxB is degraded and
61  phosphorylated through ubiquitin/proteasome pathway, and then NF-kB is activated. Activated
62  NF-«B is subsequently translocated into nucleus to bind with sequence of target genes [11].
63  Translocated NF-«kB can regulate transcription of inflammation related genes, including
64  cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) [10]. COX-2, which is
65 induced by inflammatory stimuli such as arthritis, asthma and IBD, contributes to not only the
66  pain and swelling, but also converting of arachidonic acid to prostaglandin E, (PGE) [12-14].
67  Another downstream target of NF-«xB is iNOS, which leads vasodilation of inflammatory cells
68  easily [15]. iINOS is highly expressed in inflamed intestine mucosa and induces tissue damage
69 by generating nitric oxide (NO) [16]. Therefore, suppressing NF-kB activation through

70  MAPKSs cascades is crucial for treating colitis.

71 Intestinal epithelium exhibits barrier function against luminal antigens. The intestinal
72 epithelium is composed of a single epithelial cell layer. This layer is covered by mucus, which
73 protects epithelial layer by distinguishing from mucosal bacteria [17]. To protect the intestine
74 from bacterial infection and damage, epithelial cells secrete anti-microbial peptides into mucus
75  [18]. Anti-microbial peptides are regulated by trefoil factor 3 (TFF3). TFF3, which is
76  synthesized in the goblet cells of the small and large intestine, plays important roles in the

77  protection and repair of epithelial surfaces, including the gastrointestinal tract [19].

78 In this study, we used rhizomes of Cnidium officinale Makino (Cinidii Rhizoma; CR).

79  Cnidium officinale Makino is extensively cultivated and it has been used as medicine in East
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80  Asia [20]. Since CR contains 1-2 % of essential oil and several compounds, it has shown
81  various pharmacological effects such as muscle relaxing, anti-tumor, anti-anemia, and anti-
82  metastatic effects [21]. In particular, CR has been previously reported that improvement of
83  blood circulation and anti-inflammatory effects [22]. However, there is no report on the
84  therapeutic effect of CR on UC. Therefore, this study investigated that improvement effect of

85  CR on colitis in in vitro and in vivo.
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86 2. Results

87  2.1. EtCR Prevents Symptoms of Colitis in DSS-induced Colitis Mice

88 To estimate whether EtCR could inhibit progression of colitis, mice were administrated
89 5% DSS containing water with or without EtCR (50 mg/kg/day) and 5-ASA (50 mg/kg/day).
90  As shown in Figure 1A, administration of DSS decreased body weight compared to control
91  group. However, administration of EtCR inhibited weight loss similarly with 5-ASA, which is
92 treatment drug of colitis. Also, the severity of colitis was presented by DAI score, which
93  concerned other factors, including bleeding and diarrhea, as well as body weight. As shown in
94  Figure 2B, DAI score of DSS group was steadily increased from day 5 to day 7. However,
95  EtCR and 5-ASA treated groups showed better DAI score compared to only DSS-treated group.
96 Since Shortening of colon length is closely related to the increased DAI scores [24], we
97  measured colon length after sacrificing the mice. Similarly with DAI scores, EtCR and 5-ASA
98  suppressed the reduction of colon length (Figure 1C,D). Furthermore, enlarged spleen was
99  observed in DSS-treated mice, whereas administration of EtCR and 5-ASA decreased the size
100  of spleen (Figure 1E). These results suggest that EtCR ameliorate DSS-induced colitis similar

101  to 5-ASA.

102

103 2.2. EtCR Inhibits Colon Tissue Damages Induced by DSS

104 Since the administration of DSS induces colon tissue damages, including loss of
105  epithelial layer, infiltration of inflammatory cells into the mucosa, and loss of goblet cells [25],
106  we conducted H&E staining and alcian blue staining to confirm colonic protective eftect of

107  EtCR from DSS induced damages. As shown in Figure 2A, morphology alterations were
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108  observed. Epithelial layer were almost eroded and crypt architecture were not found in DSS-
109 treated colon tissue. In addition, infiltration of inflammatory cells was also shown in DSS-
110 treated group. However, administration of EtCR and 5-ASA reduced not only damages of colon
111  tissue, but also infiltration of inflammatory cells. To compare the degree of inflammation, we
112 assessed the each group of H&E stained images and assigned scores. The scores indicated that
113 administration of EtCR relieved severity of colitis. (Figure 2B). In addition, administration of
114  EtCR inhibited the expression of COX-2 and iNOS, which are inflammatory factors increased
115 by DSS (Figure 2E,F). Next, we confirmed goblet cells, which secrete a mucosal protective
116  substance [26]. To stain goblet cells, alcian blue staining was conducted. As shown in Figure
117  2C, blue spots were well-shown in colon tissue of control group and it was seldom seen in
118  DSS-treated group. In EtCR and 5-ASA-administrated groups, the blue stained cells were
119  increased in colon tissues (Figure 2D). Furthermore, the TFF3 expression was recovered in
120  EtCR and 5-ASA-administrated groups, compared with DSS-treated group (Figure 2E,G).
121 Therefore, these results indicated that the EtCR could ameliorate colitis by protecting colon

122 tissue.

123

124 2.3. EtCR Regulates LPS-stimulated Cytokine and Pro-Inflammatory Mediators in in vitro

125 To confirm whether EtCR could regulate inflammatory reaction, RAW 264.7 cells were
126  used in this study. Since regulation of pro-inflammatory cytokines such as IL-1p, TNF-a and
127  IL-6 is important in inflammation related diseases [27], we investigated whether EtCR has anti-
128  inflammatory effects in LPS-stimulated RAW 264.7 cells. To determine the experimental dose

129  of EtCR in RAW 264.7 cells, the cells were treated with 1, 10, and 100 ug/ml of EtCR. Since
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130  EtCR did not show significant cytotoxicity up to 100 pg/ml of EtCR (Figure 3A), we used 100
131  pg/ml of EtCR as a highest concentration. As shown in Figure 3B-D, EtCR reduced the

132 productions of IL-1B, TNF-a, and IL-6, compared to LPS treated group.

133

134 2.4. EtCR Decreases LPS-induced NO and PGE> by Suppressing iNOS and COX-2 in RAW

135  264.7 Cells

136 It has been reported that colon tissue damages induced by colitis is related to
137  inflammatory mediators [28]. Thus, reducing the pro-inflammatory mediators as well as
138  cytokines is also crucial for colitis. As shown in Figure 4A,B, pre-treatment of EtCR decreased
139  levels of NO and PGE», which were elevated by LPS. In addition, we investigated expression
140  levels of iINOS and COX-2, which produce NO and PGE,, respectively. Similarly with the

141  tendency of NO and PGE,, EtCR reduced the expressions of iNOS and COX-2 (Figure 4C,D).

142

143 2.5. EtCR Reduces Inflammation Through NF-kB and MAPKs in RAW 264.7 Cells

144 NF-«kB pathway regulates various inflammatory mediators. NF-kB exists in the
145  cytoplasm in an inactive form with IkB. After inflammatory stimulation, IkB are
146 phosphorylated and degraded. Continuously, NF-kB is translocated into the nucleus and leads
147  to inflammatory responses [29]. As shown in Figure 5A,B, IkB in the cytoplasm was
148  phosphorylated and degraded by LPS stimulation, which is an inflammatory stimulus. And
149  then, NF-kB p65 was translocated into the nucleus. However, the treatment of EtCR suppressed

150  this signaling pathway. In addition, the result of NF-kB binding assay showed that the EtCR
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151  treatment effectively reduced the NF-kB binding activity, dose dependently (Figure 5C). It was
152  also reported that the NF-kB signaling is regulated by MAPKs, including ERK, JNK, and p38
153 [30]. As shown in Figure 5D and E, EtCR inhibited LPS-induced phosphorylation of JNK,
154  whereas ERK and p38 phosphorylation was not suppressed by EtCR. These results suggested
155  that EtCR inhibited the inflammatory response by inhibiting JNK and NF-kB signaling

156  pathway.

157

158  2.6. EtCR Regulates TFF3 in HT 29 cells

159 To confirm whether EtCR recovered the expression of TFF3, we used HT29 known as
160  colonic epithelial cells. Since HT29 cells show properties of pluripotent intestinal cells, they
161  are commonly used to investigate intestinal epithelial circumstance [31]. In our experiment,
162  TFF3 was fully expressed in HT29 cells, but this expression was inhibited by LPS treatment.
163  However, the treatment of EtCR increased TFF3 in both protein and mRNA level without
164  cytotoxicity (Figure 6). Thus, these results indicate that EtCR could ameliorate colitis by

165  protecting the epithelial cells of the intestine.


http://dx.doi.org/10.20944/preprints201810.0144.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 8 October 2018 d0i:10.20944/preprints201810.0144.v1

166 3. Discussion

167 UC and Crohn’s disease (CD) are the two most common forms of IBD, which is
168  characterized by a chronic inflammation of intestine. The etiologies of both diseases are unclear.
169  However, main cause of these diseases is considered to multifactorial, including environmental
170  factors such as smoking and western diet, the genetic factors and the intestinal flora [32].
171 Although the symptoms between UC and CD are similar in many parts, there are also slightly
172 different. People suffering from UC have the abdominal pain in the left side of the abdomen,
173 while suffering from CD have abdominal pain in their all abdomen. It has been known that CD
174 is more severe than UC, but the incidence of CD is much lower than UC [33]. In addition, the
175  treatment drugs of UC, including 5-ASA and glucocorticoids, occurred side-effects such as
176  arthralgia, myalgia, headache, and abdominal pain [34]. Therefore, our study focused on UC
177  rather than CD and suggested the new therapeutic agents of UC using natural products with

178  few side effects.

179 EtCR is expected that could improve colitis through several research findings about EtCR.
180 It has been reported that the health functional food containing CR improved TNBS-induced
181  colitis and histological changes such as thickening, dilatation, ulceration, and infiltration [35].
182  In addition, CR had anti-inflammatory effect by reducing NO production in LPS-stimulated
183  BV-2 microglia cell [36]. Despite these possibilities, there was no report on the effect of EtCR
184  on UC. In this study, we confirmed whether EtCR can ameliorate UC, using DSS-induced
185  colitis model. Since the symptoms, including weight loss, bloody stool, damages of colon tissue,
186  colon shortening, and diarrhea, of this model are similar with human UC, it is often used to
187  colitis experiment [37]. In our experiment, administration of DSS reduced body weight, which

188 indicates DSS induced colitis. However, the administration of EtCR significantly inhibited
10
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189  weight loss compared to DSS-treated group (Figure 1A). In addition, DAI scores and colon
190  shortening were improved by administration of EtCR (Figure 1B-D). It has been also reported
191  that the weight of spleen, which can produce inflammatory cytokines, was increased in DSS-
192  treated mice [38]. As shown in Figure 1E, the spleen weight was increased by DSS treatment,
193  whereas EtCR inhibited enlargement of spleen. In particular, EtCR exerted the similar

194  therapeutic effect as 5-ASA, which is a treatment drug of UC (Figure 1).

195 In normal condition, epithelial cell layer secretes protective substances to colon to maintain
196  colon condition. However, it cannot be secreted because of collapse of cell layer in colitis [39].
197  Therefore, symptoms such as diarrhea and bleeding are accompanied. Furthermore, the
198  weakened epithelial cell layer allows immune cells to infiltrate into the intestinal lumen [40].
199 In our experiment, administration of DSS almost eroded epithelial layer and crypt.
200  Inflammatory cell infiltration also found in colon tissue of DSS-treated group. However, EtCR
201  protected DSS-inducing mucosal erosion, disruption of intestinal crypts as well as
202  inflammatory cell infiltration (Figure 2A,B). We also confirmed goblet cell, which are
203  abundant in colon tissue and secreted protective mediators [41]. As shown in Figure 2C, blue
204  spots were well-shown in normal colon tissue, which is seldom seen in DSS-treated group.
205  However, the blue positive cells were increased in the colon tissue of 5-ASA group as well as
206  EtCR-administrated group (Figure 2C,D). Accordance with result of alcian blue staining, the
207  expression of TFF3, which is a constituent of mucus and is produced from goblet cell in large
208 intestine, was decreased in the colon tissue of DSS-treated group, but it was recovered by EtCR
209  administration (Figure 2E,G). These structural changes are known to be closely associated with
210 inflammatory reactions, and the inflammatory factors such as COX-2 and iNOS are found in

211  almost UC patients [42]. Similarly with clinical case, expressions of COX-2 and iNOS were

11
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212 elevated in DSS-treated group. However, administration of EtCR reduced expression of COX-
213 2 and INOS in colon tissue (Figure 2E,F). As a result, EtCR improved colitis in in vivo

214  experiment, and the therapeutic effect of EtCR is slightly lower than 5-ASA.

215 To further investigate the underlying anti-inflammatory mechanisms of EtCR, we
216  confirmed pro-inflammatory mediators in LPS-stimulated RAW 264.7 cells. The stimulated
217  macrophages secrete large amounts of IL-1, IL-6, and TNF-a [43]. Since the increased
218  expressions of pro-inflammatory cytokines such as IL-1, IL-6, IL-8, and TNF-a are also
219  detected in UC patients [5,6], this in vitro model was used to investigate the anti-inflammatory
220  mechanism of EtCR. Falcarindiol, 6-hydroxy-7-methoxy-dihydroligustilide, ligustilidiol, and
221  senkyunolide H were isolated from methanol extract of CR and they showed inhibitory effects
222 on iNOS and COX-2 expresion in LPS-stimulated RAW 264.7 cells [44]. In our experiment,
223 LPS-stimulated RAW 264.7 cells secreted pro-inflammatory cytokines, but EtCR treatment
224 reduced the production of IL-13, TNF-a, and IL-6 (Figure 3). Similar to in vivo results, the
225  expressions of iINOS and COX-2 were inhibited by EtCR. In addition, the production of NO
226  and PGE;, which are produced by iNOS and COX-2, were also decreased by EtCR (Figure 4).
227  Thus, it is quite convincing that therapeutic effect on UC may come from anti-inflammatory

228  properties of EtCR.

229 Ethanol extract of Cnidium officinale Makino showed anti-inflammatory effects by
230  blocking NF-kB pathway in BV2 microglial cells [45]. Therefore, we confirmed whether EtCR
231  canregulate anti-inflammatory factors via NF-kB pathway in RAW 264.7 cells. NF-kB is plays
232 acritical role in the immune system, which controls the expression of enzymes and cytokines
233 during inflammatory responses [46]. In normal condition, NF-xB binds to its inhibitor kB, and

234 could not translocate to the nucleus. Once IkB is phosphorylated by IKK, IxB is degraded and
12
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235  NF-xB undergoes nuclear translocation, and it triggers the expression of pro-inflammatory
236  genes [47]. Therefore, we investigated [kB phosphorylation and NF-kB translocation. Based
237  onour results, LPS treatment induced phosphorylation of IxB and nuclear translocation of NF-
238 kB, but EtCR decreased IxB phosphorylation and NF-xB translocation (Figure 5A,B).
239  Furthermore, the binding NF-kB to the nucleus induced by LPS was inhibited by EtCR (Figure
240  5C). Moreover, we confirmed expression of MAPKs in EtCR-treated cells, because the
241  activation of MAPKSs have been known to regulate NF-kB as an upstream factors [48]. In this
242 study, EtCR treatment attenuated LPS-induced phosphorylation of JNK, but not ERK and p38
243 (Figure 5D,E). These results showed that EtCR inhibited the expression of inflammatory
244 mediators through JNK and NF-kB pathway. From this result, the inhibitory effect of EtCR on

245  DSS-induced colitis was considered to the regulation of JNK and NF-kB signaling pathway.

246 To confirm expression level of TFF3, LPS-stimulated human epithelial cell line HT29 was
247  used. Once mucosal layer is depleted, epithelial cells are exposed directly to luminal contents
248  such as bacteria and their metabolites [49]. In this experiment, LPS was used as an
249  inflammatory stimulator to intestinal epithelial cells. It has been known that LPS reduces TFF3
250  expression by activating NF-kB in HT29 cells [50]. Consistent with this report, LPS inhibited
251  the expression of TFF3, but treatment of EtCR on HT29 cells recovered the expression of TFF3

252 (Figure 6).

13
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253 4. Experimental Section

254  4.1. Reagents and Antibodies

255 S-aminosalicylic acid (ASA), dimethyl sulfoxide (DMSO), triton-X, alcian blue, eosin,
256  neutral buffered formalin, and lipopolysaccharides (LPS) were obtained from Sigma-Aldrich
257  (St. Louis, MO. USA). Skim milk was purchased from BD Difco Laboratories (Detroit, MI,
258 USA). Gill’s hematoxylin V was purchased from Muto Pure Chemicals (Tokyo, Japan). Xylene
259  was purchased from Dae-Jung chemicals (Siheung, Republic of Korea). Dextran sulfate sodium
260  (DSS) (mol wt: 36,000 — 50,000) was purchased from MP Biomedicals (Solon, OH, USA).
261  Dulbecco’s Modified Eagles Medium (DMEM), fetal bovine serum (FBS), and phosphate-
262  buffered saline (PBS) were obtained from WelGENE (Gyeongsan, Republic of Korea). The
263  anti-rabbit IgG, anti-mouse IgG, and anti-goat IgG antibodies were purchased from Jackson
264  ImmunoResearch Laboratories (West Grove, PA, USA). Mouse TNF-a, IL-1B, and IL-6
265  enzyme-linked immunosorbent assay (ELISA) kits were purchased from BD Biosciences
266  (Mountain View, CA). Antibodies against COX-2, iNOS, p38, ERK, INK, NF-kB, PCNA, I«B,
267  phospho-IkB, and glyceraldehyde 3-phosphate dehydrogenase (GAPDH) were purchased from
268  Santa Cruz Biotechnology (Santa Cruz, CA, USA). Phospho-p38, phospho-ERK, and phospho-
269  JNK were purchased from Cell Signaling Technology, Inc. (Danvers, MA, United States).

270  TFF3 antibody was purchased from Invitrogen (Carlsbad, CA, USA).

271

272 4.2. Ethanol Extract of CR (EtCR)

273 CR was purchased from Omniherb (Uiseong, Republic of Korea). EtCR was obtained by

274  extracting dried 100 g of CR in 1 liter of 70% ethanol for approximately 3 h in heating mantle
14
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275  with reflux condenser. After eliminating solvent with rotary evaporator under reduced pressure
276  (Rotary evaporator Model NE-1, Tokyo, Japan), the remnant was filtered and lyophilized
277  (Freeze dryer FD-1, Japan) at -56°C and 9 mm Torr to acquire herbal sample. The yield from
278  the starting material was about 5%. The obtained sample was diluted using ethanol and then

279  filtered through a 0.22-um syringe filter.

280

281  4.3. Induction of DSS-induced Colitis in Mouse Model

282 Female BALB/c mice (6 weeks old) were purchased from Samtaco Science (Osan,
283  Republic of Korea). Before inducing colitis, mice were maintained in experimental
284  environment (22 + 2°C under a 12-h light/dark cycle) for one week. To induce colitis in mice,
285  drinking water containing 5% (w/v) DSS is given for seven days. Mice were randomly divided
286 into four groups (n = 8): the control group were fed drinking water without DSS, the DSS group
287  fed drinking water with DSS, the EtCR group fed drinking water with DSS and oral
288  administration of EtCR (50 mg/kg), and the 5-ASA group fed drinking water with DSS and
289  oral administration of 5-ASA (50 mg/kg; a reference drug). EtCR and 5-ASA were suspended
290  in 0.3% CMC water. EtCR and 5-ASA were orally administered daily during 7 days. Control
291  group and DSS group were administered with the same volume of water. Drugs were
292  simultaneously administrated with the DSS treatment. After 7 days, mice were sacrificed and
293 colon length and spleen weight were measured. All experiments were carried out in accordance
294  with the regulations issued by the Institutional Review Board of Wonkwang University

295  (WKU15-82).
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296

297  4.4. Disease Activity Index (DAI)

298 DAI was calculated by scoring weight loss, diarrhea, and rectal bleeding. Each score was
299  assessed as shown in Table 1, which was described by Murthy et al [23]. Briefly, weight loss
300 was determined as the difference between initial and final weights. Diarrhea was evaluated to
301  degree of the fecal pellet formation. Rectal bleeding was assessed based on the presence of
302 visible blood. After calculation using the following formula, DAI were recorded: DAI =

303  {(weight loss score) + (diarrhea score) + (rectal bleeding score)}/2.

304

305  4.5. Colon Tissue Staining and Evaluation of Colitis Severity

306 All resected colon tissues were fixed in 10% neutral buffered formalin for 24 hours. After
307 paraffin embedding, samples were sectioned to 5 um. The sections were stained with
308 hematoxylin and eosin (H&E) and Alcian blue/Nuclear Fast Red. Each stained images were
309 captured by Leica Application Suite MicroSoftware (Leica Microsystems Inc, 1L, USA).
310 Histological scores were based on epithelium and infiltration. The damages of epithelium were
311  determined as follows: Normal morphology; 0, loss of goblet cells; 1, loss of goblet cells in
312  large areas; 2, loss of crypts; 3, loss of crypts in large areas; 4. Infiltration of mucosal immune
313  cell were determined as follows: no infiltrate; 0, infiltrate around the crypt basis; 1, infiltrate
314 reaching the L. muscularis mucosae; 2 extensive infiltration reaching the L. muscularis
315 mucosae and thickening of the mucosa with abundant edema; 3, infiltration of the L.

316  submucosa; 4. The total histological score was given as sum of epithelium and infiltration.

16
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317  Alcian Blue positive cells were counted in ten random areas using microscope (Leica, Wetzlar,

318  Germany).

319

320 4.6. Cell Culture

321 RAW 264.7 cells and HT29 cells were purchased in Korean cell line bank (Seoul, Republic
322 of Korea). The cells were cultured at 37°C under 5% CO; in 10% FBS/DMEM supplemented
323 with 1% penicillin/streptomycin. The cells were pretreated with 1, 10, and 100 pg/mL of EtCR
324  for 1 h, and then stimulated with 200 ng/mL of LPS for 24 h. EtCR was diluted by ethanol

325  whose final concentration was below 0.1%.

326

327  4.7. Cell Viability

328 Cell  wviability @ was  determined by  3-(4,5-dimethylthiazol-2-yl)-diphenyl-
329 tetrazoliumbromide (MTT) assay. Briefly, RAW 264.7 and HT29 cells were seeded in 24-well
330 plates at 3 x 10° cells/well and the cells were incubated with various concentrations of EtCR.
331  After 24 h, 5 mg/mL of MTT solution was treated for 4 h in incubator. After washing off the
332  supernatant, the insoluble formazan product was dissolved in DMSO and loaded into 96-well
333  microplate. The absorbance was measured at 540 nm with a VERSA max microplate reader

334  (Molecular Devices, Sunnyvale, CA, USA).

335

336 4.8. Cytokine Assay
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337 To confirm the cytokine production from EtCR and LPS treated cells, 3 x 10° cells were
338  seeded into 24-well plates. Various concentrations of EtCR were pretreated for 1 h prior to 24
339  htreatment with 200 ng/mL LPS. And then, cytokines, including IL-1p, IL-6, and TNF-a, were
340  confirmed using supernatant. The production levels of IL-1p, IL-6, and TNF-a were confirmed

341  using ELISA kits, according to the manufacturer’s instructions.

342

343 4.9. NO Assay

344 RAW 264.7 cells were seeded (5 x 10° cell/well) and incubated with EtCR and LPS as
345  already described in our study. To measure the NO content in the culture supernatant, Griess
346  Reagent (1% sulfanilamide/0.1% N-(1-naphthyl)-ethylenediamine dihydrochloride/2.5%
347  HzPOs4) was used. Equal volume of supernatant and Griess reagent were incubated for 10
348  minutes at room temperature. The NO* level in supernatant was determined using sodium
349  nitrite as a standard and the absorbance was measured by a microplate reader at a wavelength

350 of 540 nm.

351

352 4.10. PGE> Assay

353 To measure the amount of PGEz, 5 x 10° of RAW 264.7 cells were seeded in 24-well plated
354  and treated with EtCR and LPS. The PGE: concentration was calculated using a PGE; ELISA

355 kit (Enzo Life Sciences, USA) according to the manufacturer’s directions.

356

357  4.11. Western Blot Analysis
18
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358 RAW 264.7 cells (5 x 10° cell/well) and HT29 cells (5 x 10° cell/well) were cultured in 6
359  cmdish. EtCR and LPS were treated as already described in our study. The cells were washed
360 with PBS and then lysed by lysis buffer (iNtRON Biotech, Seongnam, Republic of Korea).
361  Nuclear extracts were isolated using the NE-PER Nuclear and Cytoplasmic Extraction
362 Reagents kit (Thermo Fisher Scientific, Waltham, MA, United States) according to the
363  manufacturer's protocols. The cell lysates were mixed with an equal volume of 2 X SDS sample
364  buffer and boiled at 95 °C for 5 min. The samples were loaded and separated by SDS-page gels.
365  After electrophoresis, the proteins were transferred onto PVDF membranes and divided
366  according to the size of each target proteins. The membranes were blocked by 5% skim milk
367 for 2 hours and incubated with primary antibodies overnight at 4°C. After washing the
368 membrane with 0.1% PBST 5 times, the membranes were incubated with horseradish
369  peroxidase-conjugated secondary Abs for 1 hour. The membranes were washed with PBST 5
370  more times and the protein bands were visualized by ECL solution. Images were captured using

371  the FluorChem E system (ProteinSimple, San Jose, CA, USA).

372

373 4.12. NF-kB Binding Assay

374 The nuclear extract was incubated with an immobilized oligonucleotide on a 96-well plate
375  containing a specific NF-kB binding site and detected by a specific p65 NF-xB subunit ELISA

376 kit (Affymetrix, Santa Clara, CA, USA), according to the manufacturer’s instructions.

377

378  4.13. Real-time RT-PCR
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379 Total RNA was extracted from the cells using an Easy-Blue total RNA extraction kit
380  (iNtRON Biotech, Republic of Korea) according to the manufacturer’s instructions. First-
381  strand cDNA was reverse-transcribed using 2 pg of RNA and an Accupower®RT PreMix
382  (Bioneer, Daejeon, Republic of Korea). The primers of TFF3 and GAPDH were used for real-
383  time PCR analysis. Real-time PCR was performed using a Power SYBR® Green PCR Master
384  Mix and a StepOneplus Real-Time PCR System (Applied Biosystems, Foster City, CA, USA).
385  All data were normalized to GAPDH mRNA. Sequences of the primers used for human genes
386  were as follows: TFF3, 5’-CTCCAGCTCTGCTGAGGAGT-3, 5°-
387 CAGGGATCCTGGAGTCAAA-3’; GAPDH, 5’-CGGAGTCAACGGATTTGGTCGTAT-3,

388 5’-AGCCTTCTCCATGGTGGTGAAGAC-3’

389

390  4.14. Statistical analysis

391 The results are expressed as the mean + S.D. of independent experiments. Statistical
392  evaluations were performed by a one-way analysis of variance (ANOVA) with Tukey’s
393  multiple comparison test. All statistical analyses were computed by SPSS statistical analysis
394  software version 12.0 (SPSS Inc., Chicago, IL, United States). Values of p < 0.05 were

395  considered to represent significant differences.

396

397 5. Conclusions

398 Our study demonstrated that EtCR ameliorated UC in DSS-induced mice and protected

399  epithelial cell layer by recovering expression of TFF3. EtCR inhibited inflammatory factors in
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400  colon tissue. In in vitro experiment, EtCR inhibited inflammatory factors, including iNOS and
401 COX-2, through JNK and NF-kB pathway. In addition, EtCR regulated TFF3 in colon
402  epithelial cells. EtCR is expected to have fewer side effects because it is derived from natural
403  products. Based on these results, EtCR could be therapeutic agent and alternative supplement

404  for UC.
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555  Figure captions

556  Figure 1. The Effect of EtCR on DSS-induced colitis. UC was induced by 5% DSS in the
557  drinking water for 7 days. During this period, EtCR (50 mg/kg) and 5-ASA (50 mg/kg) were
558  orally administrated once a day. (A) Body weight changes were measured. (B) Disease activity
559 index was investigated for the last 3 days. (C) The representative images of colon tissue were
560  shown. (D) Colon lengths were measured after sacrificing the mice. (E) Spleen weights were
561  measured. Values represent mean + S.D. Data were analyzed by one-way ANOVA (#p < 0.05

562  vs. control, *p < 0.05 vs. DSS alone).

563

564  Figure 2. The Effect of EtCR on colon tissue damage and inflammation in colitis. (A)
565  Representative H&E staining images of colon tissue were observed by microscope
566  (magnification 100x and 200x). Scale bar = 200 um. (B) Histological score was calculated as
567 described in materials and methods. (C) Colon tissues were stained with alcian blue
568  (magnification 100x and 200x). Scale bar = 200 um. (D) Goblet cells stained with alcian blue
569  were counted. (E) The protein expressions (COX-2, iNOS, and TFF3) were determined by
570  western blot using colon tissue. (F and G) Relative protein levels were normalized to GAPDH
571  and measured using Image-J. Values represent mean + S.D. Data were analyzed by one-way

572 ANOVA (#p < 0.05 vs. control, *p < 0.05 vs. DSS alone).

573

574  Figure 3. The Effect of EtCR on cytokines LPS-stimulated RAW 264.7 cells. Cells were pre-
575  treated with of EtCR for 1 h and then stimulated with LPS (200 ng/ml) for 24 h. (A)

576  Cytotoxicity of EtCR was measured using MTT assay. (B-D) Concentrations of IL-103, TNF-a,
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577  and IL-6 were measured by ELISA kit using cell supernatants. Values are the mean + S.D. Data
578  were analyzed by one-way ANOVA (#p<0.05 vs. untreated cells, *p<0.05 vs. LPS-stimulated

579  cells).

580

581  Figure 4. The Effect of EtCR on productions of NO and PGE: and the expressions of iNOS
582 and COX-2 in LPS-stimulated RAW 264.7 cells. Cells were pre-treated with of EtCR for 1 h
583  and then stimulated with LPS (200 ng/ml) for 24 h. (A) The amount of NO production was
584  measured by the Nitrite Assay. (B) The amount of PGE:> production was measured using the
585  PGE; assay kit. (C) The expression of iNOS was determined by a western blot and band
586  intensity was measured using Image-J. (D) The expression of COX-2 was determined by a
587  western blot and band intensity was measured using Image-J. Values are the mean = S.D. Data
588  were analyzed by one-way ANOVA (#p<0.05 vs. untreated cells, *p<0.05 vs. LPS-stimulated

589  cells).

590

591  Figure 5. The Effect of EtCR on NF-kB and MAPKs in LPS-stimulated RAW 264.7 cells.
592  Cells were pre-treated with EtCR for 1 h, and then stimulated with 200 ng/ml of LPS for 30
593  min. The nuclear extracts were evaluated for NF-xB expression and cytosolic extracts were
594  examined for IkB, p-IkB, and MAPKs expressions. (A) The expression levels of IkB, p-IkB,
595 NF-«xB, and PCNA were determined by western blot analysis. (B) Band intensities were
596 normalized by GAPDH and PCNA using Image-J. (C) The NF-kB binding activity was
597  determined by a NF-kB binding assay. (D) The expressions of p-JNK, INK, p-ERK, ERK, p-

598 p38, and p38 were determined by western blot analysis. (E) Intensities of p-JNK, p-ERK, and
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599  p-p38 were normalized by JNK, ERK, and p38, respectively and measured using Image-J.
600  Values are the mean + S.D. Data were analyzed by one-way ANOVA (#p<0.05 vs. untreated

601  cells, *p<0.05 vs. LPS-stimulated cells).

602

603  Figure 6. The effect of EtCR on TFF3 in HT29 cells. (A) Cell viability was measured by MTT
604  assay. (B) The mRNA level of TFF3 was measured by real-time PCR. (C) The TFF3 expression
605  was determined by a western blot analysis. Band intensities were normalized by GAPDH and

606  were measured using Image-J. Values are the mean = S.D. Data were analyzed by one-way

607  ANOVA (#p<0.05 vs. untreated cells, *p<0.05 vs. LPS-stimulated cells).

608

609
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Table 1. Criteria for Disease Activity Index (DAI)

d0i:10.20944/preprints201810.0144.v1

Score Weight loss (%) Stool consistency Bloodstain or gross bleeding
0 None Normal Negative
1 1-5 Loose stool Negative
2 5-10 Loose stool Positive
3 10-15 Diarrhea Positive
4 >15 Diarrhea Gross bleeding
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Figure 3.
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