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Abstract: Glycyrrhizae radix (GR), a plant commonly referred to as licorice, is used as a medicine
and food worldwide. However, the utilization of GR from wild areas has caused desertification
and a depletion of natural resources. Environmental restrictions and low productivity have limited
plant cultivation. For this reason, an improved Glycyrrhiza variety, Wongam (WG), in cultivation
and quality has been developed by Korea Rural Development Administration. To evaluate the
equivalence of efficacy, several comparative studies between already-registered species and new
cultivars have been conducted. This study evaluated the anti-inflammatory effect of WG extracts
in a dextran sulfate sodium (DSS)-induced colitis model, in comparison to that of GR extracts.
WG extract significantly improved the clinical signs of DSS-induced ulcerative colitis, including
disease activity index, body weight loss, and colon length shortening, which was equivalent to the
effect of GR. Furthermore, the fecal microbiota was analyzed by terminal restriction fragment length
polymorphism. The composition of the fecal microbiota did not show a specific pattern based on
experimental groups; however, a tendency toward an increase in the proportion of Lactobacillales was
observed. These findings showed an equivalence of efficacy and the possible utilization of WG as a
medicinal resource with already-registered species.

Keywords: improved glycyrrhiza varieties; wongam; ulcerative colitis; inflammation; fecal microbiota

1. Introduction

Glycyrrhizae radix (GR) has long been used as a medicinal and edible resource. Many
pharmacological effects of GR have been studied and applied to industrial products, such
as medicines, foods, and cosmetics [1–3]. As GR has increasingly been utilized, wild GR has
been collected in Central Asia, causing serious desertification and the depletion of natural
resources. Much of the GR in the market is agricultural; however, environmental restriction
and low productivity of GR limit the cultivation. To resolve these problems, the Korea
Rural Development Administration developed a novel variety of Glycyrrhiza, a Glycyrrhiza
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glabra × Glycyrrhiza uralensis hybrid [4] named Wongam (WG) and Sinwongam (SWG).
The variety showed stability in glycyrrhizin and liquiritigenin content, suitability for
cultivation, and productivity.

To extend the utilization of the improved variety, the safety and equivalence of efficacy
between Glycyrrhiza species have been intensively studied. Recent studies have shown
anti-inflammatory, antioxidant, and cognitive effects of WG and SWG [5]. These effects
were of an equivalent level to those for registered Glycyrrhiza species.

It is well known that inflammatory bowel diseases (IBDs), including Crohn’s disease
(CD) and ulcerative colitis (UC), are chronic, recurrent inflammatory disorders of the gas-
trointestinal tract [6,7], characterized by an infiltration of neutrophils into the lesion of the
colon accompanied by epithelial cell necrosis and ulceration [8–10]. Although the exact
pathogenicity of IBDs is not well known, there is some proof that it involves interaction
among the genetic susceptibility, immune system, and the environment, most notably the
bacterial flora. Patients with UC show many clinical symptoms, such as abdominal pain,
fecal blood, weight loss, and diarrhea [11–14]. To study this, a type of experimental colitis
that exhibits morphological changes similar to human UC symptoms can be induced in
mice through drinking water containing dextran sulfate sodium (DSS) [15]. This model
is efficient and has thus been utilized in screening synthetic compounds for regulating
colitis, including UC [16]. Common therapies for UC include sulfasalazine, glucocorticoids,
and immunosuppressants but have various systemic side effects [17]. The inflammatory
response in UC is caused by the activation of macrophages by bacterial products such as
lipopolysaccharides (LPS) [18]. Activated macrophages release pro-inflammatory cytokines
such as interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α). Patients with UC are
known to have high levels of inflammatory cytokines such as IL-6 and TNF-α [19]. How-
ever, there are no therapies available to cure IBDs completely yet. Therefore, we intended
to study the anti-inflammatory activity by utilizing medicinal plants without side effects.

As part of the study for the evaluation of equivalent efficacy, the anti-inflammatory
activity of the new Glycyrrhiza variety, WG, was investigated using a DSS-induced UC
mouse model, and the fecal microbiota was analyzed.

2. Results
2.1. Quantification of Glycyrrhizic Acid and Liquiritigenin in WG and GR

When WG and GR were analyzed by LC/MS, glycyrrhizic acid (GA) and liquiritigenin
(LG) were detected in both extracts (Figure 1a). The retention times were 5.9 and 9.5 min,
respectively (Figure 1b). The mass fragmentation patterns of the compounds from the WG
and GR were identical for each standard compound. In WG and GR extracts, 11.66% and
11.38%, respectively, of GA and 0.64% and 0.77%, respectively, of LG were quantified.

2.2. Effect of WG and GR Extracts on Clinical Signs of UC Induced by DSS

To measure the effect of WG and GR extracts on UC, WG and GR extracts were
administered to a UC mouse model induced by DSS, and changes in body weight were
measured. Mice were administered DSS followed by WG extract at concentrations of 10, 50,
and 100 mg/kg for 12 days. The reference compound was 5-aminosalicylic acid (5-ASA).
As shown in Figure 2, the greatest weight loss was observed in the group administered with
DSS alone. The DSS group showed a body weight decrease (Figure 2a) at Day 12 of 16.2 g,
compared to the control. Both WG and GR 100 mg/kg (WG100 and GR100) alleviated
body weight loss and the disease activity index (DAI) score after DSS administration
(Figure 2a,b). The DAI scores were also significantly lower in the WG100 and GR100
groups compared with those of the DSS group. The effect of the WG and GR extracts on
DAI in the DSS-induced UC model was similar to that of the 5-ASA-administered group
(Figure 2b).
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Figure 1. Chemical analysis of glycyrrhizic acid (GA) and liquiritigenin in Wongam (WG) and gly-
cyrrhizae radix (GR): (a) chemical structures of GA and liquiritigenin; (b) HPLC chromatogram and mass
fragmentation pattern of GA and liquiritigenin; (c) HPLC chromatogram of WG and GR extracts.

Figure 2. WG and GR extracts mitigate symptoms of dextran sulfate sodium (DSS)-induced colitis.
Mice were divided into groups: control, 3% DSS-treated, 3% DSS-treated with WG and GR extracts
(10, 50, or 100 mg/kg for WG and 100 mg/kg for GR), and 3% DSS-treated with 5-aminosalicylic acid
(50 mg/kg). (a) Weight changes are given in grams (g). (b) Disease activity index (DAI) scores in
the seven groups. Data are expressed as mean ± standard error of the mean (SEM) (n = 6/treatment)
(#: p < 0.05 vs. control; *: p < 0.05 vs. DSS only).

2.3. Effects of WG and GR Extracts on Colon Length Shortening in UC Induced by DSS

In DSS-induced animal models, various physical symptoms will appear, including
changes in the length of the large intestine. The length of the colon can be used to indirectly
assess the degree of inflammation [20]. In this study, the average colon length of the
control was 9.25 ± 0.38 cm. The colon length in the DSS group was significantly shorter,
at 5.96 ± 0.88 cm, than that in the control group. Colons from the WG100 and GR100
groups were longer (7.11 ± 0.61 cm and 7.02 ± 0.88 cm, respectively (Figure 3a,b) than
those in the DSS group.
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Figure 3. WG and GR extracts alleviated DSS-induced colon shortening. (a) Macroscopic appearance
of colon. (b) Length of colon. Data are expressed as mean ±SEM (n = 6/treatment) (#: p < 0.05 vs.
control; *: p < 0.05 vs. DSS only).

2.4. Effect of WG and GR Extracts on Serum Levels of Inflammatory Cytokines

Inflammatory cytokines appear early in the inflammatory response of UC [21]. To de-
termine the effect of WG and GR extracts on the serum levels of IL-6 and TNF-α, ELISAs
were conducted. The serum levels of IL-6 were found to be significantly lower in the
WG100 group (14.4 ± 7.9 pg/mL) than in the DSS group (87.2 ± 10.7 pg/mL) (Figure 4a).
Furthermore, the serum levels of TNF-α were also significantly lower in the WG100 group
(3842 ± 188 pg/mL) than those in the DSS group (5214 ± 300 pg/mL) (Figure 4b).

Figure 4. Effect of WG and GR extracts on interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α)
generation in DSS-induced colitis. Cytokine assays were used to determine the serum levels of IL-6
and TNF-α: (a) IL-6 levels and (b) TNF-α levels in mouse serum. Data for each experiment are
expressed as mean ±SEM (n = 6/treatment) (#: p < 0.05 vs. control; *: p < 0.05 vs. DSS only).

2.5. Effect of WG and GR on PGE2 Production in Colon Tissue

UC patients have shown elevated levels of prostaglandin E2 (PGE2) in their in-
testines [22]. We used the ELISA to determine the effect of WG and GR on the inflammatory
mediator PGE2 in mouse colon tissue affected by DSS-induced UC, and PGE2 levels in the
DSS group (1607.52 ± 128.60 pg/mL) were significantly higher than those of the control
group (521.65 ± 20.86 pg/mL). However, PGE2 levels in the WG100 and GR100 groups
(1284.95 ± 25.69 pg/mL and 1276.49 ± 63.85 pg/mL, respectively) were significantly lower
than those in the DSS group (Figure 5).

Figure 5. Effect of WG and GR extracts on prostaglandin E2 (PGE2) production in colon tissues. PGE2

levels were measured using PGE2 assay kits. Data are expressed as mean ± SEM (n = 6/treatment)
(#: p < 0.05 vs. control; *: p < 0.05 vs. DSS only).
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2.6. Effects of WG and GR on Epithelial Injury in DSS-Induced Colitis

Mucosal thickness is considered as a parameter of normal mucosal conditions. DSS
causes epithelial injury and penetration of inflammatory cells, including mast cells [23].
The histological damage in colon tissue between the control and DSS-treated groups was
evident, so we then examined the effect of treatment with WG and GR extracts. For WG
100 mg/kg, WG attenuated the DSS-induced effects (Figure 6a), while the GR 100 mg/kg
treatment also reduced DSS-mediated damage (Figure 6b). The mucosal thickness measure
is regarded as a parameter for assessing mucosal condition. We also found significant
increases in mucosal thickness in the DSS group. However, this was significantly decreased
in the WG and GR groups based on concentration (Figure 6c).

Figure 6. Effect of WG and GR extracts on epithelial injury in mice with DSS-induced colitis. Over
the same period, WG (10, 50, and 100 mg/kg), GR (100 mg/kg), and the positive control 5-ASA
(50 mg/kg) were orally administered once a day. (a) Colon tissue paraffin sections stained with
hematoxylin and eosin (H&E) were observed under a microscope (10× and 40×). (b) Histological
score was measured from the colon tissues on Day 12. (c) The thickness of muscle in the colon
sections was evaluated using Optiview 3.7 software. The stained sections were observed under a
microscope. Values are mean ±SEM (#: p < 0.05 vs. control; *: p < 0.05 vs. DSS only).

2.7. Effects of WG on Fecal Microbiota in DSS-Induced Colitis Model

In some fecal samples collected from DSS-treated mice, inhibition of PCR was observed
as reported [24]. Therefore, these samples could not be analyzed and merged.

Terminal restriction fragments (T-RFs) were distributed to 29 operational taxonomic
units (OTUs), as reported previously [25,26]. Five of the OTUs were removed from the list
because no T-RFs belonging to these OTUs were detected. Figure 7a shows the change in the
proportion of respective OTUs from fecal samples obtained just before sacrifice. Depending
on the conditions, the composition of the fecal microbiota differed. Due to differences in the
original composition, a specific pattern of change was not observed. However, when the
ratio of fecal microbiota obtained before and after the intervention was calculated, some
OTUs showed changes according to experimental groups (Figure 7b). In particular, the
proportion of OTU657, which was presumed to correspond to Lactobacillales in the WG-
treated group, was increased dose-dependently compared to the DSS-treated group. The GR
group also showed an increase in the proportion of OTU657. Furthermore, the proportion
of OTU369, which was presumed to correspond to Clostridium cluster IV, was reduced by
DSS treatment. Both WG and GR treatments showed a slight increase in the proportion of
OTU 369.
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Figure 7. Stool sample microbiota from mice with DSS-induced ulcerative colitis, supplemented
with or without WG and GR. (a) The relative abundance of bacteria in the stool was determined
using terminal restriction fragment length polymorphism (T-RFLP) analysis. Data are shown as
a percentage of the total identified sequences per group. (b) Effect of WG and GR on the ratio of
operational taxonomic units (OTUs) before and after intervention with DSS, WG, GR, and 5-ASA.

3. Discussion

WG was developed to solve the problems of cultivation and the depletion of natural
resources. To extend the utilization of the newly developed Glycyrrhiza variety, WG, several
biological activities have been elucidated. In this study, the anti-inflammatory effect of WG
on DSS-induced ulcerative colitis was studied.

UC is a chronic and complex autoimmune inflammatory disorder, also called chronic
IBD, and is characterized by an uncontrolled inflammatory condition of the intestinal mu-
cosa [27–30]. Symptoms of UC can include abdominal pain, bloody diarrhea, and weight
loss [31]. In particular, the continuous progression of UC increases the risk of colorectal can-
cer [32]. Using 5-ASA, also known as mesalazine, yields immunosuppressive effects such
as prostaglandin restriction and pro-inflammatory cytokine inhibition. The development of
complementary treatments is needed for the effective mitigation of UC symptoms for safe
long-term use due to the side effects of sulfasalazine [33,34]. Traditionally, GR is used for
the treatment of allergies, bowel disease, and coughs [35]. GR possesses various bioactive
constituents, including flavonoids, coumarins, and saponins [36]. Thus, we hypothesized
that WG could also have a beneficial effect on UC. As shown in Figure 2, the DSS control
group showed significantly increased body weight loss and decreased colon length in
comparison with the control group. Previous studies have shown that the length change
of the colon and the severity of ulcerative colitis are correlated [37]. In this study, we
found that WG and GR effectively inhibited DSS-induced colon length, DAI, and weight
loss—symptoms and pathological changes of colitis in our DSS model (Figure 3 a, b).
Macrophages and neutrophils penetrate the colon during UC and secrete large amounts of
inflammatory cytokines, such as IL-6, IL-1β, and TNF-α [38,39]. In IBD, immune cells such
as macrophages and T lymphocytes secrete inflammatory cytokines [21,40]. These activated
cells regulate the balance between increased TNF-α and IL-6 pro-inflammatory cytokine
expression in the rectal mucosa of UC patients [41]. In this study, WG and GR suppressed
the DSS-induced increase in TNF-α and IL-6 levels in mouse serum (Figure 4). However,
even with significant inhibition, the rates were variable by cytokine. In a previous study,
GR extract inhibited IL-6, IL-1β, and TNF-α in a different manner. IL-6 level was strongly
suppressed by a treatment of 100 µg/mL in RAW 264.7 cells [42]. However, the TNF-α
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level showed less inhibition at same dose. This variability could mean that WG and GR
selectively affect the production of cytokines based on dosing.

It is likely that the anti-inflammatory activities of WG and GR may be caused by
glycyrrhetic acid, a metabolite of glycyrrhizin [43], as glycyrrhetic acid showed anti-
inflammatory activity via the inhibition of nuclear factor κB(NF-κB) activation. As this
mechanism has previously been reported, NF-κB was not analyzed in this study. However,
NF-κB’s involvement in the anti-inflammatory activities of WG and GR is presumed, as
glycyrrhizin was detected in relatively high quantities in both WG and GR extracts.

In the inflammatory response, cyclooxygenase (COX)-1 protein activity rarely changes;
however, COX-2 production increases rapidly, leading to increased production of
prostaglandin(PG)s [44], with especially high levels of PGE2 in the bowel of IBD pa-
tients [22]. PGE2 plays a key role as a mediator in UC. In the current study, WG and
GR inhibited the DSS-induced activation of PGE2 production (Figure 5). As previously
reported, the histopathological features of UC, such as ulceration, mucous membrane
erosion, and loss of intestinal crypts, can be exhibited in DSS-induced colitis models. In the
present study, WG 100 mg/kg and GR 100 mg/kg significantly reduced inflammatory
cell infiltration versus the DSS-induced colitis model (Figure 6). Furthermore, bowel wall
thickness associated with inflammation was suppressed by WG treatment (Figure 5a,c).

Because of the original composition of the fecal microbiota between samples,
which might be one reason for the variation, significant differences were not observed.
However, the proportion of Lactobacillales increased following the administration of WG
and GR in the colitis model. In a previous report, the bacterial population of Lactobacillus
decreased upon the administration of DSS to induce colitis [45]. GR, including WG con-
sumption, might act as a prebiotic to improve DSS-induced colitis through the modulation
of probiotics such as Lactobacillus. Licorice is categorized as a potential prebiotic and
one of the major compounds, liquiritin, showed selective antibacterial activity to reduce
pathogenic bacteria and maintain probiotics such as Bifidobacterium and Lactobacillus [46,47].
Further studies on the relationship between the improvement of DSS-induced colitis and
changes in the composition of the fecal microbiota are needed to confirm the effect of WG.

In summary, the anti-inflammatory activities of WG and GR were equally effective
as the positive control 5-ASA. WG inhibited inflammation by regulating inflammatory
mediators such as IL-6, TNF-α, and PGE2. WG may be a useful therapeutic agent to
treat inflammatory diseases and utilized as an equivalent source of Glycyrrhizae radix for
medicine.

4. Materials and Methods
4.1. Reagents

The Korea Rural Development Administration provided WG. GR was purchased from
pharmaceutical company Humanherb (Kyuong San, Korea) and identified as G. uralensis
by Dr. Jeonghoon Lee (RDA, Korea). Liquiritigenin was purchased from Interpharm (Ilsan,
Gyeonggi-do, Korea). Glycyrrhizic acid was purchased from TCI (Tokyo, Japan).

Protein lysis buffer was obtained from iNtRON Biotech (Seongnam, Korea). DSS and
5-ASA were obtained from MP Bio and Sigma-Aldrich, respectively. Standard anti-mouse
TNF-α, IL-6, purified biotin, and TMB (3,3’,5,5’-Tetramethylbenzidine) substrate reagent
were obtained from BD Bioscience.

4.2. Preparation of WG and GR

WG and GR (sliced) extracts were prepared by reflux decoction with ethanol (70%) for
2 h. The solvent was filtered and evaporated by a rotary evaporator. The yields of dried
extract were 8.8% for WG and 3.0% for GR. The extracts were diluted in purified water.
The solutions were filtered by a 0.45 µm syringe filter (HYUNDAI Micro).
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4.3. LC/MS Analysis

Methods for injection sample preparation and LC/MS analysis were modified from
that of Korean Pharmacopoeia [48]. HPLC was carried out on a Waters 2695 system
(Waters, USA) with a Waters 996 photodiode array (PDA) and a Waters micro mass ZQ
mass spectrometer. The analysis of glycyrrhizic acid was performed under the following
conditions: column, TSK-gel ODS-80Ts (Tosoh Co., Japan, 4.6 mm × 150 mm); mobile phase,
6.67% acetic acid (solvent system A) and CH3CN (solvent system B) in isocratic mode
(solvent B 40% for 20 min); flow rate: 1 mL/min; temperature: 30 ◦C; detection: 254 nm.
The analysis of liquiritigenin was performed under the following conditions: mobile phase,
1% acetic acid (solvent system A) and CH3CN (solvent system B) in isocratic mode (solvent
B 25% for 20 min); detection at 276 nm. The mass spectrometer was operated in the negative
ion mode. The total ion chromatogram was obtained using the following parameters: high-
purity nitrogen was used as dry gas at a flow rate of 600 L/h, gas temperature of 400 ◦C,
extractor voltage of 2 V, cone voltage of 40 V, and capillary voltage of 3 kV.

4.4. Animals

Male BALB/c, 7-week-old mice (19–21 g, n = 42) were purchased from SAMTACO
(Osan, Korea). The mice were acclimatized in a specific pathogen free (SPF) environment
for a week. The conditions were 22 ± 2 ◦C and a 12-h light/dark cycle.

4.5. DSS-Induced Ulcerative Colitis

UC was induced by administering drinking water containing 3% (w/v) DSS for
12 days. Forty-two mice were weighed and divided into seven groups with six mice per
group: (i) normal group; (ii) DSS-induced colitis group; (iii) DSS-induced colitis + WG
10 mg/kg group; (iv) DSS-induced colitis + WG 50 mg/kg group; (v) DSS-induced colitis
+ WG 100 mg/kg group; (vi) DSS-induced colitis + GR 100 mg/kg group; and (vii) DSS-
induced colitis + 5-ASA group. Body weight, stool consistency, and gross bleeding of the
animals were checked daily.

4.6. Disease Activity Index (DAI)

A DAI score was determined by the method described by Murthy et al. (Table 1) [49].

Table 1. Disease activity index.

Score Stool Consistency Occult/Gross Weight Loss (%)

0 Normal Normal (-)
1

Guiac (+)
1–5
5–10

10–15
2 Loose
3
4 Diarrhea Gross bleeding >15

DAI = (Combined score of stool consistency, rectal bleeding, and body weight loss)/3.

4.7. ELISA Measurement

At the end of the experiment, serum samples were prepared and subjected to ELISAs
to determine the serum levels of IL-6 and TNF-α using ELISA kits from BD Pharmingen.
Absorbance at 450 nm was measured using a microplate reader.

4.8. Prostaglandin E2 (PGE2) Assay

Whole mouse colons were washed with cold PBS and immediately stored at −80 ◦C
until use. Colon tissues were homogenized in 1 mL of ice-cold lysis buffer (iNtRon) using
a homogenizer. Tissue homogenates were vortexed and centrifuged at 4 ◦C for 10 min
at 12,000 rpm. The supernatant (5 µL) from each sample was used to determine the
protein concentration using a DC Protein Assay Kit (Bio-Rad, Hercules, USA). PGE2 levels
were determined using a PGE2 Monoclonal Enzyme Immunoassay Kit (Enzo Bioscience).
All samples were diluted with assay buffer at 1:100. Experiments were run in triplicate and
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a standard curve was created concurrently. Absorbance at 405 nm was measured using a
microplate reader.

4.9. Histological Processing

Specimens of the colon were fixed with 10% buffered formalin and embedded in
paraffin. The sections (4 µm) were stained with H&E and examined by light microscopy for
the presence of lesions. The severity of colitis was evaluated in sections stained with hema-
toxylin and eosin by two independent observers who were blinded to the experimental
conditions according to modified criteria [50] summarized in Table 2.

Table 2. Criteria for assessment of microscopic rectal damage.

Score Remarks

1 Normal colonic mucosa
2 Loss of one-third of the crypts
3 Loss of two-thirds of the crypts

4 Lamina propria covered with single layer of epithelial cells with mild
inflammatory cell infiltration

5 Erosions and marked inflammatory cell infiltration
Mucosal damage was scored as 0–4 based on the loss of crypts (mucosa) and infiltration of inflammatory cells
(maximum score = 5).

4.10. DNA Isolation from Fecal Samples

Terminal restriction fragment length polymorphism (T-RFLP) was analyzed as de-
scribed previously [25,26]. Total DNA was extracted using a HiGene Genomic DNA Prep
Kit as described in the protocol (BioFACT, Yuseong-Gu, South Korea) after homogeniz-
ing the feces with bead-beating 2 × 25 s using Precellys 24 (Bertin, France) at 6500 rpm.
The DNA preparation was purified using a high-purity PCR template preparation kit
(Roche).

4.11. PCR Amplification

The 16S rRNA genes were amplified using primers 5’ FAM-labeled 516f (5’-TGCCA
GCAGCCGCGGTA-3’) and 1510r (5’-GGTTACCTTGTTACGACTT-3’). The PCR mixture,
in a total volume of 50 µL, contained 20 pmol of each primer (FAM-516f and 1510r), 5 µL of
10 × PCR buffer, 10 mM of each dNTP (nucleoside triphosphate), 2.5 U of A-Star Lamp
Taq DNA Polymerase (BioFACT, Yuseong-Gu, South Korea), and 2 µL of template DNA.
The PCR was conducted in a thermal cycler (Applied Biosystems) using the following
program: 95 ◦C for 3 min, 30 cycles of 95 ◦C for 30 s, 55 ◦C for 30 s, 72 ◦C for 30 s, and finally
70 ◦C for 10 min. After amplification, the PCR products were confirmed by agarose gel
electrophoresis. The PCR products were purified using the HiGene Gel & PCR Purification
System (BioFACT, Yuseong-Gu, South Korea).

4.12. T-RFLP Analysis

The PCR products were separately digested with 10 U of the restriction endonuclease
Bsl I (Thermo Scientific) in a total volume of 30 µL for 2 h at 55 ◦C. Analysis was conducted
on a 3130xl Genetic Analyzer (Applied Biosystems), and a DNA size marker MM1000-ROX
(BioVentures) was included in all samples. Fragment sizes and peak area were analyzed
with Genemapper® (Applied Biosystems).

4.13. Assignment of Terminal Restriction Fragments Obtained

An operational taxonomic unit (OTU) was adopted to distribute the T-RFs. Twenty-
nine OTUs were obtained based on the method of Nagashima et al. [51] and the database
for T-RFLP analysis of the human colonic microbiota [52].
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4.14. Statistical Analysis

The results are presented as the mean ± SEM of at least three independent experiments.
The results were analyzed using SPSS Statistics 20 (IBM Corp, Armonk, NY). The Tukey
test was used to determine statistically significant differences. P < 0.05 was considered
significant.

5. Conclusions

In conclusion, WG and GR extracts show clinical effectiveness for DSS-induced col-
itis by reducing levels of inflammatory mediators and suppression of PGE2 production.
Furthermore, WG shows equivalent efficacy as conventional GR, and therefore WG can be
added to the compendia as a potential treatment for DSS-induced colitis.
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