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ARTICLE INFO ABSTRACT

Inflammatory bowel diseases (IBD) induce inflammation in the colon and small intestine. IBD include ulcerative
colitis and Crohn's disease, with such common symptoms as severe diarrhea, fever, and blood in the stool. In the
current study, we explored the ability of peanut shell extract (PSE) to alleviate IBD in an experimental colonic
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L“ée"li“ ) inflammation model. Colitis was induced by orally administered dextran sulfate sodium (DSS) in mice. Peanut
Eaj:;;:;: shell extract was prepared using a method of aqueous ethanol. DSS treatment reduced the colon length and

mouse body weight, and aggravated disease condition compared with untreated control mice. Oral adminis-
tration of 400 mg/kg PSE alleviated colon shortening, body weight loss, DAI, and colon injury score in DSS-
induced colitis. These physiological improvements were validated by reduced levels of proinflammatory cyto-
kines and infiltrating macrophage accumulation in the inflamed colon in the PSE administered group. These
observations suggest that PSE may be developed as an alternative natural extract for the prevention or treatment

of IBD.

1. Introduction

Inflammatory bowel diseases (IBD) include inflammatory diseases,
e.g., ulcerative colitis (UC). Several anti-inflammatory drugs, including
sulfasalazine, steroids, and nonsteroid anti-inflammatory agents, are
used to treat UC [1]. However, their use is limited by various side ef-
fects. Experimental colitis models have been used to identify potential
therapeutic agents and elucidate the underlying physiologic mechan-
isms of UC [2]. Numerous animal models of colonic inflammation with
several features of human UC have been developed. Animal models of
colitis require the administration of specific concentrations of colitis-
inducing chemicals, such as dextran sulfate sodium (DSS) [3].

Several investigators proposed natural products as treatment of
many diseases, including IBD. The therapeutic efficacy of these natural
products relies on their ability to reduce the levels of inflammatory
cytokines or inflammatory mediators (e.g., TNF-a, iNOS, and COX-2)
[4]. Many natural products exert putative antioxidative effects [5],
possess anti-inflammatory properties [6], and exert protective effects
against external antigenic substances. These effects are closely asso-
ciated with the prevention of oxidative stress [7].

Numerous bioactive substances (i.e., flavonoids, resveratrol, and
plant sterols) are present in peanuts [8]. Peanuts are a rich source of
unsaturated oleic and linolenic acids that lower cholesterol levels,

maintain clean blood vessels, and prevent atherosclerosis and heart
disease [9,10]. Peanuts are also effective in diabetes, preventing the rise
of blood glucose levels [11]. Peanut shell extract (PSE) is widely
thought to play an important role in the human body as an antioxidant,
free radical scavenger, inflammation prevention agent, and immune
system modulator. Peanut shell contains abundant functional in-
gredients. Among these, luteolin is a potent anti-vascular inflammation
agent [12]. It also protects retinal epithelial cells from oxidative stress-
induced cell death [13]. However, the ability of PSE to control the ef-
fects of DSS-induced colitis in a mouse model has not been investigated.
In the current study, we investigated the ability of PSE to alleviate UC
symptoms in the DSS-induced mouse model of colitis.

2. Materials and methods
2.1. Preparation of PSE

Peanuts were purchased from Hongchun-Kun (Kwangwon-Do,
Republic of Korea) in October 2016. PSE was prepared by shelling by
hand, followed by washing, grinding, drying at 45 °C, and pulverizing
to a < 1-mm diameter powder. For the extract, 500 g of pulverized
powder was suspended in 10L of 70% aqueous ethanol and ultra-
sonicated for 1 h in a 750-W ultrasonic processor (VCX 750, Sonics and
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Fig. 1. Peanut shell extract (PSE) ameliorates clinical signs of disease in mice with DSS-induced colitis. a Changes in the body weight and b scores of disease activity
index (DAI) in PSE-treated mice and control mice administered 3% DSS for 7 d, monitored every day. Body weight values are expressed as a percentage of body
weight on a particular day. c Length of the mouse colon after 7 d of DSS administration. d Hematoxylin and eosin staining of the colons of mice administered 400 mg/

kg PSE on 7d of DSS administration. Data shown are from three independent experiments and are expressed as the mean

+ SEM (n = 10 mice/group). e

Histopathological scores of the analyzed slides. Scale bar, 10 ym. **, P < 0.01 vs. con; ***, P < 0.001 vs. con; #, P < 0.05 vs. DSS; ##, P < 0.01 vs. DSS; ###,

P < 0.001 vs. DSS.

Materials Inc., Newtown, CT, USA). Extraction in an ultrasonic pro-
cessor was repeated three times. The undissolved debris was removed
by a quantitative Whatman no. 1 filter paper (Whatman, Kent, UK) and
centrifugation.

2.2. HPLC analysis of PSE

PSE flavonoids were analyzed by reversed-phase HPLC using a
Waters HPLC system (Waters Corp., Milford, MA, USA) with a photo-
diode array detector (Waters model 2998) and an Agilent C18 column
(4.6 mm x 250 mm; 5pm, Waters Corp.). The solvent system was a
gradient of solvent A (water:tetrahydrofuran:trifluoroacetic acid,
98:2:0.1, v/v/v) and solvent B (acetonitrile), as follows: initially, 17%
B; 0-2min, isocratic at 17% B; 2-7 min, linear gradient to 25% B;

7-15 min, linear gradient to 35% B; 15-20 min, linear gradient to 50%
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B; 20-30 min, linear gradient to 17% B; 30-35 min, isocratic to 17% B;
washing and reconditioning of the column for xx min. The elution was
conducted at a flow rate of 1 mL/min, and the UV spectra were mon-
itored at 350 nm. The injection volume was 20 pL. The luteolin content
of PSE was calculated using the linear segment of luteolin standard
curve (2.5-200 uM). As determined, PSE contained 3.1% of luteolin.

2.3. Animal experiments

Mice used in the current study were 7-week-old male C57BL/6 mice
(n = 50, Charles River Korea, Seoul, South Korea). Experimental colitis
was induced in mice by supplementing drinking water with filter-pur-
ified 3% (w/v) DSS (MW 1/4 36-50 kDa; MP biochmicals, Aurora, OH,
USA), to which the animals had free access. Mice in the control group
received tap water without DSS for 7 d. Mice were randomly divided
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Fig. 2. PSE reduces the expression of inflammatory cytokines in the DSS-induced colitis model. The colonic expression of inflammatory cytokines TNF-a (a), MCP-1
(b), IL-1p (c), and IL-6 (d) was examined by ELISA and normalized by total protein. Administration of 400 mg/kg PSE reduced DSS-induced inflammatory cytokine
levels in colitis. Data represent the means + SD from three independent experiments. **, P < 0.01 vs. con; ***, P < 0.001 vs. con; #, P < 0.05 vs. DSS; ##,

P < 0.01 vs. DSS.

into the following groups (n = 10 mice/group): group 1, control mice
(Con group); group 2, mice administered 3% DSS solution (DSS group);
groups 3 and 4, DSS-treated mice administered PSE (200 and 400 mg/
kg, respectively), daily, via an intragastric route (DSS + PSE 200 mg/kg
and DSS + PSE 400 mg/kg groups, respectively) for 14 d; group 5, DSS-
treated mice given 50 mg/kg sulfasalazine (DSS + SF). Mouse body
weight, water intake, stools, occult blood, and survival were monitored
daily. The DAI was determined by averaging the scores for weight loss,
stool form, and occult blood. The following scores were given: (1) for
changes in body weight: 0, < 1%; 1, 1-5%; 2, 5-10%; 3, 10-15%; and
4, > 15%; (2) for occult blood occurrence: 0, negative; 2, positive; and
4, gross bleeding; and (3) for stool form: 0, normal; 2, loose stools; and
4, diarrhea, as previously described. On day 7, the mice were sacrificed
by anesthesia with ketamine and xylazine, following which the colon
tissue was collected.

2.4. Histopathological analysis and immunohistochemistry

The distal colon sections were fixed in 4% paraformaldehyde and
embedded in paraffin. The paraffin blocks were sliced into 4-um thin
sections, mounted on glass slides, and evaluated histologically after
hematoxylin and eosin staining (H&E). For immunohistochemistry, the
colon sections were first deparaffinized in xylene and rehydrated in
ethanol. After blocking for 1h, the slides were incubated overnight at
4 °C with anti-ER-HR3 antibodies (BMA, Augst, Switzerland). The sec-
tions were then treated with AEC substrate-chromogen solution
(DakoCytomation, Glostrup, Denmark) to  visualize the

immunocomplexes. The results of immunohistochemical staining were
visualized using a Nikon Eclipse 80i light microscope (Nikon
Instruments Inc., Melville, NY, USA). The number of ER-HR3-positive
macrophages was counted in 10 randomly chosen fields of view under
% 400 magnifications using a digital image analysis program (Image J,
Soft Imaging System, Miinster, Germany).

2.5. Engyme-linked immunosorbent assay (ELISA)

Colon was cut into pieced and homogenated in lysis buffer and
extracted total protein. Protein concentration was performed using the
Bradford reagent (Sigma-Aldrich, St. Louise, MO, USA) and a certain
amount of protein was loaded. Levels of TNF-a, MCP-1, IL-1$, and IL-6
in the colon tissue and lysate from cells were determined using a DuoSet
sandwich ELISA (R&D Systems, Minneapolis, MN, USA), according to
the manufacturer's recommendations. The absorbance was measured at
450 nm in VERSA Max Microplate Reader (Molecular Device, Concord,
Canada).

2.6. Statistics

Data are expressed as the means * standard deviation (SD).
Significant differences between the means of two groups were ex-
amined by the analysis of variance (one-way ANOVA), followed by
individual comparisons using Tukey's post-hoc test, with P < 0.05
considered to indicate a statistically significant difference.
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Fig. 3. Administration of 400 mg/kg PSE inhibits macrophage infiltration in the DSS-induced colitis model. a Representative images of paraffin-embedded colon
sections from mice with DSS-induced colitis stained with anti-ER-HR3 antibodies and b the number of ER-HR3-positive macrophages in each group. Scale bar, 10 um.
Data represent the means + SD from three independent experiments. ***, P < 0.001 vs. con; #, P < 0.05 vs. DSS.
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Fig. 4. Chromatogram of an HPLC separation of luteolin in the crude peanut shell extracts (PSE). Luteolin was quantified in PSE samples using an HPLC system with a
photodiode array detector and an Agilent C18 column.

3. Results associated with colitis, 7 d after the start of the administration of 3%
DSS in drinking water (Fig. 1). DSS treatment reduced the colon length
3.1. PSE alleviates colon shortening, body weight loss, DAI, and the colonic and body weight, and aggravated disease condition compared with

histopathological score in DSS-induced colitis

untreated control mice. The water intake not significantly changed
despite of DSS administration (Fig. S1). Administration of PSE alle-

We first examined the symptoms of disease, such as colon short- viated the colon shortening and DAI (Fig. 1a and c), and resulted in the
ening, body weight loss, DAI, and histopathological score of the colon recovery of body weight in mice administered 400 mg/kg PSE on day 7
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(Fig. 1a). As determined by histopathological analysis, administration
of PSE alleviated such DSS-induced inflammatory changes as erosion of
the epithelial monolayer, crypt loss, infiltration of immune cells, and
submucosa edema (Fig. 1d and e). The extent of alleviation was com-
parable with the effect of sulfasalazine administration.

3.2. PSE reduces the levels of pro-inflammatory cytokines in DSS-treated
mice

Elevated secretion of pro-inflammatory cytokines during colitis in-
duces colon inflammation. To investigate the changes in pro-in-
flammatory cytokine levels in colitis induced inflamed colon, levels of
TNF-a, MCP-1, IL-1f3, and IL-6 were quantified in the colon tissue using
ELISA. The elevation of secretion of all these cytokines observed in DSS-
treated mice was markedly reduced in PSE-administered mice (Fig. 2).
In addition, the secretion of these cytokines in macrophages, which are
known to be the main cells that secrete pro-inflammatory cytokines in
the intestinal inflammatory response, also showed that PSE was re-
duced by as much as luteolin (Fig. S2). These observations suggested
that PSE exerts an anti-inflammatory effect in mice with DSS-induced
colitis.

3.3. PSE reduces macrophage infiltration in DSS-treated mice

Macrophages play a critical role in the regulation of intestinal in-
flammatory processes [14]. To determine whether the observed anti-
inflammatory effect of PSE was correlated with the colonic infiltration
of macrophages in DSS-treated mice, colon sections were stained with
anti-ER-HR3 antibodies. Immunohistochemical staining revealed the
presence of infiltrating macrophages in the interstitial space of the in-
flamed colon. The numbers of ER-HR3-positive macrophages elevated
in DSS-induced colitis were significantly reduced by the administration
of PSE (Fig. 3a and b).

3.4. Identification of the active components of PSE

Peanut shell contains such functional components, as polyphenols
and flavonoids, especially luteolin [15]. Luteolin is a crucial component
of the peanut shell (usual content of 2.36 mg/g) [16]. HPLC was used to
characterize PSE. The analysis revealed that PSE was mostly composed
of luteolin (Fig. 4). The luteolin content of PSE was determined based
on the linear segment of an HPLC luteolin standard curve. As de-
termined, PSE contained about 3.1% of luteolin.

4. Discussion

DSS-induced colitis is a well-known animal model, with a pheno-
type resembling human UC, i.e., mucosal infiltration of inflammatory
cells, epithelial injury, and ulceration [17]. In the current study, we
demonstrated that PSE was able to alleviate the DSS-induced colitis
symptoms, e.g., body weight loss, diarrhea, colon shortening, patholo-
gical injury, as well as the DSS-induced production of inflammatory
cytokines and accumulation of infiltrating macrophages in the inflamed
area.

Steroids or nonsteroid anti-inflammatory drugs are being used to
treat IBD [1]. However, the use of these drugs may be associated with
severe side effects. Thus, it has been proposed that alternative medi-
cines and natural products that exhibit similar activity to sulfasalazine
might be used to treat IBD [18,19]. E.g., Aloe vera contains an abun-
dance of phytochemical substances with pronounced anti-inflammatory
effects [20] and aqueous extract of unripe fruit of Aegle marmelos is
effective in treating IBD [21]. The popularity of herbal therapy for IBD
is increasing worldwide. In the current study, we demonstrated that
PSE alleviated DSS-induced colitis by suppressing inflammatory med-
iators and macrophage infiltration.

Previous studies reported that luteolin suppresses experimental

International Immunopharmacology 70 (2019) 235-240

colitis via the Nrf2 signaling pathway [22], and the JAK/STAT pathway
in a cellular model of intestinal inflammation [23]. Similarly, in the
current study, PSE appeared to exert an anti-inflammatory effect to
reduced cytokine levels in the colon and improve the phenotype. Fur-
ther, luteolin inhibits colon cancer that involves progressive disruption
of homeostatic mechanism, regulating the progression of colitis [24].
The anti-cancer effect of luteolin, which is abundant in PSE, plays an
important role in halting the development of UC into colon cancer. In
the current study, we found that luteolin is abundant in PSE and might
play an important role in alleviating the DSS-induced colitis. These
results warrant further investigation of the effect of PSE in colonic
dysplasia, cancer development, and chronic intestinal inflammation.
Since herbal compounds and their derivatives are widely available, and
are frequently taken by an increasing number of patients without
proper medical monitoring, the current study stresses the need for
further analysis of their impact on various diseases.

5. Conclusion

In the current study, we demonstrated that PSE significantly alle-
viated the disease symptoms and histopathological changes associated
with IBD, and reduced the inflammation in a rodent model of colitis.
Moreover, PSE dramatically reduced the levels of proinflammatory
cytokines and infiltrating macrophage accumulation in the colon.
Therefore, PSE might be a useful anti-inflammatory agent, and may be
used as a bioflavonoid to prevent colitis.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.intimp.2019.02.040.
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