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Abstract — Rumex acetosa is a folk medicine for gastritis and gastric ulcers. In our previous study, the ethanol
extract of R. acetosa inhibited gastric ulcers and protected gastric tissue in mice induced with HCl/ethanol from
gastric ulcers. Moreover, we isolated six anthraquinone compounds from this plant and evaluated their anti-
Helicobacter pylori activity. Therefore, this study was conducted to identify further the related antioxidant and
anti-inflammatory activities and the bioactive constituents. Five fractions of n-hexane, methylene chloride, ethyl
acetate, n-butanol, and aqueous fractions were obtained from the total ethanolic extract from whole parts of R.
acetosa that had exhibited antioxidant and anti-inflammatory activities. The ethyl acetate fraction contained the
highest total phenol and flavonoid contents among the five fractions and exhibited the most potent antioxidant
effect on 2,2-diphenyl-1-picrylhydrazyl radical scavenging assay. Among the six compounds, emodin showed the
most potent antioxidant activity. Next, we induced inflammation in the LPS-induced RAW 264.7 cell line. The
methylene chloride fraction showed the strongest reducing nitric oxide production activity among the fractions. In
addition, the methylene chloride fraction suppressed the phosphorylation of ERK and JNK, and the expression of
cyclooxygenase-2 in a dose-dependent manner. These physiological activities of the fraction and the compounds

could be involved in the anti-gastric ulcer activity of R. acetosa.
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Introduction

Oxidative stress is a significant contributor to the
development of chronic inflammatory conditions. Reactive
oxygen species (ROS) has a vital role in gastric ulceration
induced by various types of stress in gastric lesions.'?
Moreover, free radicals and their derivatives activate
nuclear factors such as NF-«kB, producing various cyto-
kines associated with inflammatory responses. These, in
turn, exacerbate inflammation and trigger the generation
of other reactive species.’

Inflammation is a natural defense mechanism against
allergy, injury, and infection.* When an inflammatory res-
ponse occurs, various inflammatory mediators such as
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tumor necrosis factor-o (TNF-a), cyclooxygenase-2 (COX-
2), and nitric oxide (NO) are expressed.” Chronic inflam-
mation can lead to various pathological conditions, inclu-
ding cancer, lupus, fibromyalgia, and rheumatoid arthritis.®
Steroids and non-steroidal anti-inflammatory drugs (NSAIDs)
are therapeutic agents to prevent excessive inflammatory
responses. Still, these medications have side effects such
as heartburn, abdominal pain, ulcers, headaches, and
fatigue.” As a result, searching for effective anti-inflam-
matory agents from natural resources with fewer side
effects has gained significant attention in medical research.
Rumex acetosa L., known as sorrel, is a herbaceous
perennial plant widely distributed in Japan, China, and
Korea.®’ R. acetosa is rich in bioactive compounds, inclu-
ding anthraquinones'® and flavonoids.''? These phyto-
chemicals are known for their antioxidant activities and
have been linked to various health benefits."> This plant
has been used as a folk medicine for gastritis and gastric
ulcers.'* Furthermore, the biological activities have been
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reported to include antitumor,'>'® and antiviral properties.”

In our previous study, ethanol extract of R. acetosa pro-
tected more potently gastric tissue in mice induced with
HCl/ethanol from gastric ulcer than water extract.'* The
ethanol extract also exhibited antioxidant and anti-inflam-
matory activities. Additionally, six anthraquinone com-
pounds were isolated from R. acefosa, and their inhibitory
activity against H. pylori was revealed.'"® Therefore, in
this study, we aimed to identify further the related anti-
oxidant and anti-inflammatory activities of R. acefosa
fractions and the bioactive compounds.

Experimental

Plant materials — The dried whole parts of Rumex
acetosa L. were purchased from an oriental market in
Sancheong province, Korea, in April 2014. The plant was
identified by Dr. Mi-Jeong Ahn, College of Pharmacy,
Gyeongsang National University. The voucher specimen
(No. PGSC-172-177) was deposited in the Herbarium of
the College of Pharmacy, Gyeongsang National University.

Extraction and fractionation — The preparation of
total ethanol extract and fractions from the dried sample
was performed according to the procedure in our previous
study.'® The fractions were n-hexane, methylene chloride
(CH,Cl), ethyl acetate (EtOAc), n-butanol, and water
fractions.

Antioxidant activity — Total phenolic and flavonoid
contents and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity were measured by our previously
reported methods.'”?° The antioxidant activity was ex-
pressed as trolox (Sigma-Aldrich, Saint Louis, MO, USA)
equivalents per gram (umol TE/g).

Cell culture — RAW 264.7 cell line was provided by
the Korea Cell Line Bank (Seoul, Korea).?! The cell line
was grown and maintained under 100% humidity and 5%
CO, for 2-3 days at 37°C. Dulbecco’s modified eagle
medium (DMEM) supplemented with 10% fetal bovine
serum and 1% penicillin/streptomycin was used.

Cell viability — Cell viability was assessed by MTT
assay.”! The cells were seeded in 96 wells at a density of
1 x 10° cells/well, incubated for 24 h, and treated with
12.5-100 pg/mL concentrations of samples for 24 h. Each
well was treated with the MTT solution, and the absor-
bance was measured at 570 nm and used by a microplate
reader (Perkin Elmer, Victor X5, Waltham, MA, USA).

The measurement of NO production — The NO pro-
duction was measured by our previously reported method.”!
The cells were seeded in 96 wells at a density of 1 x 10°
cells/well, incubated for 24 h, pretreated with 12.5-100
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pg/mL concentrations of samples for 3 h, and stimulated
with lipopolysaccharide (10 pg/mL) for 21 h. The measure-
ment of NO productions was used by supernatant with
Griess reagent (Sigma-Aldrich) for 10 min, and the absor-
bance was measured at 540 nm.

Western blot analysis — Western blot analysis was
followed by previously reported method with a slight
modification.” Briefly, the RAW 264.7 cell line treated
with LPS or sample was then scraped using a cell scraper
and lysed in lysis buffer. Protein was taken for separation
using sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE). The separated proteins were trans-
ferred to a PVDF membrane. To block non-specific binding,
the membrane was incubated with blocking buffer (TBST
containing 5% non-fat milk and 0.1% Tween-20) and then
reacted with primary antibodies (ERK, p-ERK, JNK, p-
INK, p38, p-p38, COX-2 and B-actin; 1:1000 dilution)
(Cell Signaling Technology, MA, USA) overnight to
assess the expression levels. After washing with TBST
solution, the membrane was incubated with a secondary
antibody (ERK, p-ERK, JNK, p-JNK, P38, p-P38, COX-
2 and PB-actin; 1:5000 dilution) (Cell Signaling Techno-
logy, MA, USA) for 1 hour. The bands were visualized
using an ECL solution.

Statistical analysis — All values were expressed as
means + standard deviations (SD). The statistical differences
among the samples by one-way analysis of variance
(ANOVA) using Excel (Microsoft, Redmond, WA, USA).
Values with *p <0.05, **p<0.01, ***p<0.001 were
considered statistically significant.

Results and Discussion

R. acetosa has been used as a folk medicine to treat
abdominal pain and gastrointestinal disorders. Our pre-
vious report confirmed that the R. acetosa extract suppresses
HCl/ethanol-induced gastric ulcers and exhibits excellent
gastrointestinal protective activity. It exhibited DPPH
radical scavenging activity and inhibitory activity on NO
production in the LPS-induced RAW 264.7 cell line."*
Three anthraquinones of emodin (1), chrysophanol (2),
and physcion (3), were major compounds in the methy-
lene chloride fraction, and three anthraquinone glucosides
of emodin-8-O-5-D-glucoside (4), chrysophanol-8-O-f-
D-glucoside (5), and physcion-8-O-f-D-glucoside (6)
were major compounds in the ethyl acetate fraction (Fig.
1)."® These compounds showed significant anti-Helicobacter
pylori activity. H. pylori is known to be involved in
gastrointestinal disorders.'® In this study, we evaluated the
antioxidant and anti-inflammatory activities of the frac-
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Fig. 1. Chemical structures of compounds 1-6 isolated from R.
acetosa.

tions and elucidated the responsible compounds

The total ethanol extracts of R. acetosa showed DPPH
radical scavenging activities with the mean value of 322.4
+ 6.9 umol TE (trolox equivalence)/g. The EtOAc fraction
showed the highest DPPH radical scavenging activity
(1093.6 + 31.8 umol TE/g) among the five fractions (Fig.
2A). The DPPH radical scavenging activity of CH,Cl,
and n-butanol fractions ranked the second group, and the
mean values were 442.1 £ 0.1 and 660.3 = 9.5 umol TE/g,
respectively. Among the isolated compounds, emodin
showed the strongest antioxidant activity (Fig. 2B). The
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potent antioxidant activity of emodin, chrysophanol, and
physcion has been reported previously.”** Three anthra-
quinone glucosides (4-6) also showed moderate antioxi-
dant activity.> Generally, phenolic compounds offer anti-
oxidant activity by abstracting highly reactive free electrons
from free radicals.”® These electrons are then dispersed
within the hydroxy group and the aromatic ring of the
antioxidant.”* Emodin has two hydroxy groups, while
chrysophanol and physcion have one hydroxy group,
respectively. Emodin with more hydroxy groups would
exhibit more potent antioxidant activity as they react more
readily. Compounds 4-6 have a glucose moiety, and this
moiety seems to lower the activity than those of their
aglycones.

The total phenolic content of R. acetosa extract was
438.0 £ 3.6 pmol GAE (gallic acid equivalence)/g. While
the EtOAc fraction showed the highest total phenolic
content of 1455.8 + 19.0 pmol GAE/g among the fractions.
The n-hexane and water fractions showed the lower total
phenolic content compared to other samples (Fig. 3A).
The total flavonoid content of CH,Cl,, EtOAc, and n-
butanol fractions were almost similar each other with the
mean values of 1.2+ 0.2, 1.2+ 0.2 and 1.2 £ 0.1 pmol QE
(quercetin equivalence)/g, respectively (Fig. 3A). Therefore,
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Fig. 2. Antioxidant activities of total extract and fractions (A) and compounds 1-6 (B) from R. acetosa on DPPH assay.
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Fig. 3. Total phenol (A) and total flavonoid (B) contents of total extract and fractions.

GAE, gallic acid equivalent; QE, quercetin equivalent.

the high phenolic content in the EtOAc fraction supports
the previously observed high DPPH radical scavenging
activity of this fraction.

Next, we induced inflammation in the LPS-induced
RAW 264.7 cell line and measured the inhibition of NO
production. All fractions showed no cytotoxicity by a
concentration of 50 ug/mL and were used in the experi-
ment at 12.5 — 50 pg/mL (Fig. 4A). The methylene chloride
fraction exhibited the most potent inhibitory activity
against NO production among the fractions (Fig. 4B). The
other two samples of n-hexane and r-butanol fractions
exhibited weak inhibitory activity. Based on these findings,
we conducted experiments to assess the effect of the
extract and fractions on the phosphorylation of mitogen-
activated protein kinases (MAPKs). MAPKs, such as
ERK, JNK, and p38, are signal transduction proteins
activated by external stimuli to transmit signals within the
cell.”’ When phosphorylated by MAP kinases, they become
active forms known as p-ERK, p-JNK, and p-p38. These
phosphorylated MAPKSs induce the expression of enzymes
that promote inflammation and activate cytokines like
TNF-0.® Specifically, the methylene chloride fraction
showed the most potent inhibitory activity against the

phosphorylation of ERK and JNK (Fig. 5). The n-hexane
fraction also inhibited the phosphorylation of ERK. This
result suggests that R. acefosa extract and fractions may
modulate the inflammatory process by interfering with the
activation of MAPK, providing insights into their anti-
inflammatory mechanisms. Moreover, methylene chloride
fraction inhibited the expression of COX-2 in a dose-
dependent manner (Fig. 6). According to previous reports,
emodin and emodin-8-O-f#-D-glucoside suppress NO
production at LPS-induced RAW 264.7 cell.**° A main
secondary metabolite of the CH,Cl, fraction, emodin,
inhibits receptor expression and common inflammatory
pathways, such as NF-«B activation and TNF-o production.
It also reduces neutrophil infiltration and cytokine pro-
duction.? Another major compound of this fraction, chry-
sophanol, suppresses the production of TNF-o, interleukin-
6, and the expression of COX-2 levels induced by LPS by
inhibiting the activation of NF-kB and caspase-1 in LPS-
stimulated macrophages.> The third major constituent,
physcion, appears to reduce the synthesis of NO and
prostaglandin E2 by suppressing iNOS (inducible nitric
oxide synthase) and COX-2 expression.*® Additionally, it
inhibits TNF-a secretion by suppressing of MAPKs and
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Fig. 4. Cell viability (A) and NO production (B) of total extract and fractions from R. acetosa.
*Significant at p < 0.05. ***Significant at p <0.001.
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Fig. 5. Effect of total extract and fractions from R. acetosa on MAP kinase phosphorylation in LPS-induced RAW 264.7 cell line by
western blotting (A). Bar graphs represent the relative phosphorylation of the ERK (B), JNK (C), and p38 MAPK (D) proteins adjusted to

the B-actin protein level.

T, total extract; H, n-hexane fraction; MC, methylene chloride fraction; EA, ethyl acetate fraction; B, n-butanol fraction, W, water
fraction. ***Significant at p <0.001.
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Fig. 6. Effect of methylene chloride fraction on LPS-stimulated RAW 264.7 cells.
L-NAME: Nw-Nitro-L-arginine. **Significant at p <0.01. ***Significant at p <0.001.

NF-«B activation.® These three anthraquinones may be
involved in the anti-inflammation activity of this fraction.
Meanwhile, an anthraquinone glycoside physcion-8-O-f-
D-glucoside inhibits the TGF-B (transforming growth
factor-B)/NF-kB/MAPK pathways, suppressing pro-infla-
mmatory cytokines and mediators in collagen-induced
arthritis rats.**

Our present results imply that the methylene chloride
fraction containing three anthraquinones showed potent
anti-inflammatory activity by suppressing the phosphory-
lation of INK and ERK. The six major compounds showed
significant antioxidant activity, and the ethyl acetate fraction
with the highest phenolic content showed the most potent
DPPH radical scavenging activity. The present study
suggests that the extract, fractions, and their compounds
of R acetosa may be natural candidates for treating
oxidative stress and inflammation. However, further studies
are needed to evaluate human safety issues and to eluci-
date the exact mechanism of activity.
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