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Abstract

Rumex acetosa is a perennial herb that is widely distributed across eastern Asia. Although the hot water extract of R. acetosa has
been used to treat gastritis or gastric ulcers as a folk medicine, no scientific report exists for the use of this plant to treat gastric
ulcers. Hence, the present study was undertaken to assess the anti-ulcer activity of water and 70% ethanol extracts obtained
from R. acetosa, using an HCl/ethanol-induced gastric ulcer model in mice. Anti-inflammatory and free radical-scavenging activi-
ties of these two extracts were also evaluated and compared. As a result, the administration of R. acetosa extracts significantly
reduced the occurrence of gastric ulcers. However, significant differences in protective activity against gastric ulcers were ob-
served between the two samples. In the case of the group pretreated with an ethanol extract dosage of 100 mg/kg, the protective
effect (90.9%) was higher than that of water extract (41.2%). Under histological evaluation, pretreatment with R. acefosa extracts
reversed negative effects, such as inflammation, edema, moderate hemorrhaging and loss of epithelial cells, presented by HCI/
ethanol-treated stomachs. Meanwhile, R. acetosa extracts showed potent DPPH radical-scavenging activity and decreased NO
production in a murine macrophage cell line, RAW 264.7, in a dose-dependent manner without affecting cellular viability. The
greater anti-ulcer and NO production inhibitory activities exhibited by ethanol extracts compared to water extracts could be as-
cribed to the higher emodin levels, a major anthraquinone component of this plant.
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INTRODUCTION timicrobial, and anticancer activities (Lee et al., 2005; Gescher
et al., 2011; Wegiera et al., 2011). Decoction of this plant has
The therapeutic management of peptic ulcers includes sev- been used as a folk medicine in Korea to treat arthritis, gastri-
eral classes of drugs, such as proton pump inhibitors, hista- tis and gastric ulcers, and as a substitute for rhubarb, which is
mine receptor blockers, drugs affecting the mucosal barrier, an important crude drug for gastrointestinal problems. There
and prostaglandin analogs. However, there is still a need for are commercial herbal tonic products such as Essiac™ and
the development of new anti-ulcer drugs because of the emer- Flor-Essence™ which contain R. acetosa, that are tradition-
gence of tolerance and side effects, which make the efficacy ally prepared as cancer therapy for natives in North America
of these treatments questionable (Mard et al., 2008). (Tamayo et al., 2000; Tai et al., 2004; Leonard et al., 2006).
Rumex acetosa L. (Polygonaceae) is a perennial herb that Flavones including vitexin, rutin, and kaempferol were isolated
is widely distributed in eastern Asia (Anonymous, 1999; Lee, from the aerial parts of this plant with another flavone C-gly-
2003). The leaf of this plant resembles that of spinach, and the cosides and flavonol O-glycosides (Kato and Morita, 1990).
plant is well known for strong acidity in Europe and America, From the roots of R. acetosa, chrysophanein, hyperin, proan-
where it is also known as sorrel. The extract of R. acetosa has thocyanidin and phloroglucinol derivatives were isolated with
been reported to have heat-cleaning, diuretic, insecticidal, an- anthraquinones, such as emodin and chrysophanol (Bicker et
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al., 2009; Lim et al., 2011).

Although hot water extracts of R. acetosa have been used
to treat gastritis or gastric ulcers, no scientific reports exist
concerning the use of this plant this manner. Meanwhile, it
has been reported that emodin displays anti-ulcerogenic and
anti-inflammatory activities, and in our pre-study, the emodin
content in 70% ethanol extract (EER) was higher than in water
extracts (WER) (Goel et al., 1991). Hence, the present study
was undertaken to assess and compare the anti-ulcer activ-
ity of EER and WER obtained from R. acetosa using an HCI/
ethanol-induced gastric ulcer model in mice. The free radical-
scavenging and anti-inflammatory activities of these two ex-
tracts were also evaluated and compared.

MATERIALS AND METHODS

General

Sucralfate, 1,1-diphenyl-2-picrylhydrazyl (DPPH), lipopoly-
saccharide (LPS), phosphoric acid, N-(1-naphthyl) ethylenedi-
amine dihydrochloride, sulfanilamide, sodium nitrite, butylated
hydroxytoluene (BHT), L-ascorbic acid (LAA) and emodin were
purchased from the Sigma Chemical Co. (St. Louis, MO). Di-
methyl sulfoxide (DMSQO) was purchased from the Merck Co.
(Darmstadt, Germany). Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS) and the antibiotic mixture
(penicillin-streptomycin) were purchased from Hyclone (South
Logan, UT, USA). All other chemicals were reagent-grade.

Plant material

The whole plant of Rumex acetosa L. (Polygonaceae) was
collected from the fields of the Sancheong province in May
2011. After cleaning with water, samples were dried at room
temperature in the shade. These plant materials were identi-
fied by Prof. J. H. Park of College of Pharmacy, Pusan Na-
tional University, Korea. The voucher specimen (APG-1103)
was deposited in the Herbarium of the College of Pharmacy,
Gyeongsang National University.

Sample preparation and HPLC conditions

The dried plant material was ground into powder with a mill.
The finely pulverized samples were weighed (5 g), and 500 ml
of water or 70% ethanol solution in water was added, respec-
tively. The mixtures were extracted with a soxhlet extractor for
3 hr at 100°C and 80°C, respectively. The extract was later
filtered using filter papers (Whatman No. 40), and centrifuged
for 10 min at 4°C, 5,000 rpm. The filtrate was lyophilized, and
the exact amount was weighed and suspended in water for
the following bioassays. A portion of the filtrate was pre-treat-
ed with Sep-Pack catridge (C,,, Waters, USA) prior to HPLC
analysis.

The Agilent 1100 HPLC system used for analysis (Avon-
dale, CA, USA) consisted of a temperature-controlled autos-
ampler, column oven, and a binary pump. A 10 ul volume of
sample solutions, or standard, was directly injected on a YMC
J'sphere ODS-H80 column (4 um, 4.6x150 mm; YMC, Kyoto,
Japan) using a gradient acetonitrile-water solvent system. The
step gradient elution was as follows: 10% acetonitrile for the
first 5 min, 10% to 80% acetonitrile for a further 25 min, and
then, 80% to 90% for the next 5 min, followed by maintaining
the condition for another 5 min. A conditioning phase (40-45
min) was subsequently used to return the column to its initial
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state. The flow rate was 1.0 ml/min, and the column tempera-
ture was set at 35°C. The eluent was detected at 254 nm us-
ing a DAD detector. Chemstation software (Hewlett-Packard,
Avondale, CA, USA) was used to operate this HPLC system.
Emodin was used as a standard compound.

Animals

Male ICR mice (4 weeks old; weighing 24-28 g; Koatech,
Korea) were used in the in vivo experiments. The animals
were housed in an air-conditioned room (24 + 2°C), under a
12 hr light/dark cycle. Each animal was used for one experi-
ment only. All procedures relating to animal care and treat-
ment conformed to the Animal Care Guidelines of the Animal
Experiment Committee of Gyeongsang National University.

HCl/ethanol-induced gastric ulcer

The protective activity against gastric ulcer in mice was
evaluated according to the method described previously with
slight modifications (Ogawa et al., 2011). After 16 hr of fasting,
the mice were divided randomly into five groups (5 mice per a
group). Sham-operated and vehicle-treated groups were giv-
en 0.2 ml/25 g of water. Another group was treated with sucral-
fate (100 mg/kg, p.o.), that was suspended in 0.25% sodium
carboxymethylcellulose solution (Samchun Chemicals, Korea)
as a positive control. The other two groups were treated with
WER and EER in water (100 mg/kg, p.o.). The administration
dosage (100 mg/kg, p.o.) in mice has been decided according
to the related published reports (Karimi et al., 2004; Ogawa et
al., 2011). The mice, except for those belonging to the sham-
operated group, were administered 150 mM HCl/ethanol (0.2
ml/25 g body weight) after 1 hr of sample treatment. The mice
were euthanized using carbon dioxide after 1 hr of HCl/etha-
nol treatment, and their stomachs were removed and fixed
with 10 ml of 1% formalin for 30 min. Next, the stomachs were
opened, along the greater curvature, and were gently rinsed
with saline. The gastric ulcers were evaluated according to
the area of gastric lesion with specific image analysis software
(Isolution Lite, IMT i-solution Inc., Vancouver, Canada).

Histological analysis

Histological evaluation was performed on the glandular
stomach of the mice. The tissue samples were preserved
in 10% neutral buffered formalin and processed for routine
paraffin block preparation. Sections approximately 8 um in
thickness were cut and stained with hematoxylin and eosin.
Mucosal injury evaluation was performed under light micros-
copy, and the histopathological alterations were assessed by
comparing lesions.

DPPH radical scavenging activity

Based on the method introduced by Gordon et al. (2001),
200 pl of the 0.2 mM DPPH solution in methanol (w/v) was
mixed with 800 ul sample solution of different concentrations
(2.5, 5.0, 10, 25 and 50 pg/ml) in an Eppendorf tube and the
solution was incubated at room temperature for 30 min. After
incubation, absorbance of mixtures was measured at 517 nm
against the blank, methanol. DPPH radical scavenging activity
was calculated with the following formula: % activity = {(Ac-
As)/Ac}x100, where Ac and As are absorbance of the control
and sample, respectively. BHT and L-ascorbic acid were used
as positive controls.
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Cell culture

RAW 264.7 cells were obtained from the Korean Cell Line
Bank (KCLB, Korea). The macrophage-like murine cell line
RAW 264.7 was cultured at 37°C and 5% CO, in DMEM sup-
plemented with 1% penicillin/streptomycin and 10% fetal calf
serum.

Determination of intracellular NO production

RAW 264.7 cells were seeded at a density of 1x10* cells/
well in 96-well plates and were incubated for 24 hr. These cells
were treated with each sample solutions at the final concen-
trations of 1, 10, 100 pg/ml for 1 hr before exposure to LPS
(100 ng/ml) for stimulation of the cells. After 24 hr incubation,
nitrite levels in culture media were measured by Griess reac-
tion to assess NO production (Malyshev and Shnyra, 2003).
Briefly, 50 ul of cell culture medium was mixed with 50 pl of
Griess reagent [equal volumes of 1% w/v sulfanilamide in 5%
v/v phosphoric acid and 0.1% N-(1-naphthyl)-ethylenediamine
dihydrochloride) in water] and incubated for 10 min at room
temperature. Absorbance was later measured at 540 nm us-
ing a microplate reader. Fresh culture medium was used as a
blank in all of the experiments. Nitrite levels in samples were
determined from a standard sodium nitrite curve.

Cell viability assay

Cell viability was measured by EZ-Cytox cell viability assay
kit (Daeillab Service, Korea). RAW 264.7 cells were plated into
96-well microtiter plates at a density of 1x10* cells/well. Af-
ter 24 hr of incubation, the culture medium was replaced with
fresh culture medium containing each sample solutions at the
final concentrations of 1, 10, and 100 pg/ml, and subsequently
cultured for 24 hr. For each treatment, 10 ul of assay reagent,
WST solution including 4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-
2H-5-tetrazolio]-1,3-benzene disulfonate was added to each
well followed by a 1-hr incubation. Color development by
water-soluble formazan formation was measured at 450 nm
using a Victor X5 microplate reader (PerkinElmer, USA). Vi-
ability was calculated by subtraction of the mean values with-
out assay reagent from those with WST substrate, and was
expressed as percentage of control.

Statistical analysis

The data are the results obtained from more than three
samples of two- or three-independent experiments, and are
expressed as the mean + S.E.M. The differences among
samples were statistically evaluated via one-way analysis of
variance (ANOVA). The values were considered statistically
significant at probability (p) values equal to or less than 0.05.

RESULTS

HPLC profiles of WER and EER

A high performance liquid chromatographic method was
applied to compare the chemical differences between hot wa-
ter extracts (WER) of R. acetosa, generally used for herbal
remedies, and 70% alcoholic extracts (EER), usually used
for plant sample preparations in chemical analysis and bioas-
says. As shown in Fig. 1, the height of most peaks was much
higher in EER than in WER. Particulary, more than eight times
greater emodin content was determined in EER (2.09 + 0.30
mg/g per extract) than in WER (0.24 + 0.06 mg/g per extract).
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Fig. 1. HPLC chromatograms of emodin and Rumex acetosa ex-
tracts. (A) Chromatogram of emodin (10 ug/ml); (B) and (C) chro-
matograms of WER and EER, respectively.

Another major peak observed at 30.4 min could be anticipated
as chrysophanol, which has the same retention time and UV
spectrum observed in previously published studies (Lim et al.,
2011).

Anti-ulcer effect of WER and EER on HCl/ethanol-induced
gastric ulcer model in mice

HCI and absolute ethanol, were used as necrotizing agents
of gastric mucosa to produce gastric ulcers in mice. Gastric
mucosa damage was evaluated based on the area of the
gastric ulcer. The protection percentage was calculated with
respect to the ulcer control group, considered as 100% dam-
age. The administration of HCl/ethanol produced lesions on
the gastric mucosa (73.3 £ 17.6 mm?), which were significantly
reduced to 43.1 £ 12.1 and 6.7 + 2.7 mm?, respectively in the
animals pretreated with WER and EER at the dose of 100 mg/
kg (Fig. 2). In case of the group pretreated with EER, the pro-
tective effect (90.9%) was higher than that of WER (41.2%).
Sucralfate (100 mg/kg) used as a reference drug also signifi-
cantly reduced the gastric lesions by 84.4% (11.4 + 6.5 mm?),
compared to the vehicle group (Fig. 2D). Histological evalu-
ation showed that HCl/ethanol treated stomachs presented
inflammation, edema, moderate hemorrhaging, and a consid-
erable loss of epithelial cells (Fig. 3B). Conversely, the pre-
treatment with R. acetosa extracts reversed these negative ef-
fects, and the histological aspect in the group pretreated with
EER was similar to those observed in normal stomachs (Fig.
3A) and the pretreated group (Fig. 3C) with sucralfate used as
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Fig. 2. The protective effects of WER and EER on HCl/ethanol-
induced gastric ulcer model in mice. (A) Normal stomach, (B)
glandular stomach treated with vehicle, (C) the stomach of positive
control group treated with sucralfate, 100 mg/kg, (D) the stomach
of test group treated with WER, 100 mg/kg, (E) the stomach of test
group treated with EER, 100 mg/kg, p.o., 1 hr before administration
of 150 mM HCl/ethanol, (F) determination of the gastric ulcer area
(mm?). Data are presented as the mean + S.E.M. *p<0.05 and
**p<0.01, significantly different from gastric ulcer group (B).

the reference drug.

Free radical-scavenging activity

Because both ulcerous and inflammatory processes are re-
lated to an increase of free radicals (Pedernera et al., 2006),
the free radical-scavenging activity of R. acetosa extract was
also evaluated. As a result, R. acetosa extracts showed po-
tent DPPH radical scavenging activity, which was greater than
that of the reference compound, BHT (Fig. 4). Meanwhile, us-
ing IC,, values, EER showed more potent radical scaveng-
ing activity than that of WER (16.4 ug/ml versus 28.6 pg/ml,
respectively).

Effect of WER and EER on intracellular NO production in
LPS-stimulated RAW 264.7 cells

It is well-known that NO is involved in the modulation of
the gastric mucosal integrity, and is important to the regulation
of acid and alkaline secretions, mucus secretion, and gastric
mucosal blood flow (Andreo et al., 2006). Therefore, the inhibi-
tory activity of R. acetosa extracts against LPS-stimulated NO
production was evaluated in RAW 264.7 cell line. Our results
showed that R. acetosa extracts decreased NO production in
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Fig. 3. Histological evaluation of the protective effects of WER and
EER with hematoxylin and eosin (HE) stained longitudinal sections
through gastric mucosa in an HCl/ethanol-induced gastric ulcer
model. (A) Sham control group, (B) vehicle group, (C) positive con-
trol group treated with sucralfate, 100 mg/kg, (D, E) the stomach
of test groups treated with WER and EER, 100 mg/kg, p.o., 1 hr
before administration of 150 mM HCl/ethanol, respectively. A scale
bar represents 150 um.
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Fig. 4. Differences in DPPH radical scavenging activity between
WER and EER (2.5-50 ug/ml). Ascorbic acid and BHT were used
as references. Absorbance of the reaction was measured at 517
nm. Values are the mean + S.E.M.

a dose-dependent manner at the concentrations of 1, 10 and
100 ng/ml, and the inhibitory activity was greater in EER than
in WER (Fig. 5). In addition, both extracts did not affect cellular
viability (Fig. 6).

DISCUSSION

Rumex acetosa is widely distributed in eastern Asia, Ameri-
ca and Europe, and has strong vitality as regarded as a weed.
In addition, sprouts and young leaves of this plant have been
publically recognized as a possible material for functional
foods in Korea. Therefore, if this material were to be devel-
oped as a plant source for production of health products or
natural medicines, its simplicity of cultivation and safety as a
food material would be immense merits. The aim of this study
was the evaluation of the anti-ulcer activity of hot water ex-
tracts (WER) and 70% ethanol extracts (EER), obtained from
the whole parts of R. acetosa against HCl/ethanol induced
gastric model in mice. In general, hot water extract of R. ace-
tosa has been used for herbal remedy using this plant, and
70% alcoholic extract has been used for chemical analysis
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Fig. 6. Cytotoxic effect of WER and EER on LPS-stimulated RAW
264.7 cells. Cell viability was expressed relative to untreated con-
trol (100%).

and bioassays in a laboratory setting. Meanwhile, it is known
that gastric ulcers are also associated with inflammation pro-
cesses in the gastric mucosa. NO is involved in the modula-
tion of the gastric mucosal integrity, and is important to the
regulation of acid and alkaline secretions, mucus secretion,
and gastric mucosal blood flow (Andreo et al., 2006). Both ul-
cerous and inflammatory processes are related to an increase
of free radicals (Pedernera et al., 2006). Therefore, the NO
production’s inhibitory and free radical-scavenging activities of
the two extracts were also evaluated and compared.

The results of the present study demonstrated that both
WER and EER showed significant gastro-protective effects on
the HCl/ethanol-induced ulcer model. These gastro-protective
effects were confirmed by histological and intracellular NO
production data. However, significant differences in protec-
tive activity against gastric ulcer in mice and NO production
inhibitory activity in RAW 264.7 macrophages were observed
between WER and EER. In case of the group pretreated with
EER, the protective effect (90.9%) was higher than that of
WER (41.2%). Because emodin has been reported to have an
anti-ulcerogenic and anti-inflammatory effect, it is suggested
that the greater anti-ulcer and NO production inhibitory ac-
tivities of EER could be ascribed to its higher emodin content
(Goel et al., 1991; Kumar et al., 1998; Lee et al., 2005; Lin et
al., 2010; Ko et al., 2010; Ok et al., 2012). Meanwhile, there is
a possibility that other components contribute to these activi-

ties, because WER also showed significant anti-ulcer and NO
production inhibitory activities. Under histological evaluation,
pre-treatment with R. acetosa extracts reversed the changes
such as inflammation, edema, moderate hemorrhaging and
considerable loss of epithelial cells, exhibited by HCl/ethanol-
treated stomachs. Therefore, 70% ethanol is recommended
as an effective solvent for the preparation of R. acetosa ex-
tract to treat gastritis or gastric ulcers.

Furthermore, these two samples presented potent anti-
oxidant properties, indicating the involvement of protective
mechanisms on the oxidative stress induced by ethanol in the
gastric mucosa. In other words, the high free radical scaveng-
ing activity of R. acetfosa extracts in the DPPH test suggests
that the antioxidant activity may be one of the mechanisms of
its anti-ulcerogenic and anti-inflammatory properties, because
both ulcerous and inflammatory processes are related to an
increase of free radicals (Pedernera et al., 2006). Emodin, a
major anthraquinone component of this plant, failed to show
DPPH free radical-scavenging activity in our experiment (data
not shown), and the content was quite low in WER. These
results suggest that the antioxidant activities of WER and EER
resulted from the other constituents showing their peaks at
retention times of less than 20 min (Fig. 1). In fact, phenolic
compounds, such as the flavones, proanthocyanidin and phlo-
roglucinol derivatives, isolated from this plant are well-known
to have antioxidant activity (Kato and Morita, 1990; Cai et al.,
2004; Bicker et al., 2009).

The present study demonstrates, for the first time, the anti-
ulcer property of R. acetosa, on an experimental model of gas-
tric ulceration in mice. These findings contribute to the phar-
macological validation for the ethanol extract of R. acetosa
as an anti-ulcerogenic agent with anti-inflammatory property.
Nonethelss, phytochemical and pharmacological investiga-
tions are still needed to elucidate more fully the exact mecha-
nism of action of the R. acetosa extract.
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