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Abstract The incidence of gastroesophageal reflux disease (GERD) is increasing in Asia. Considering that GERD is a
highly recurrent and chronic disease, there is an increasing demand for new therapeutic options. Humulus japonicus has
antioxidant and anti-inflammatory properties. In this study, the protective effects of H. japonicus extracts (HJE) were
evaluated in a surgically-induced reflux esophagitis rat model. Firstly, the esophageal mucosa was damaged in the control
group and lesions were developed. Administration of HJE markedly reduced the lesions in the esophageal mucosa
macroscopically. The higher acidity and volume of gastric contents in the control group was decreased by the administration
of HJE. Malondialdehyde level, associated with lipid peroxidation due to oxidative stress, was reduced in the HJE-treated
group. The level of superoxide dismutase, an antioxidant enzyme, was increased in the HJE-treated group. The levels of
the inflammatory cytokines (tumor necrosis factor-α and interleukin-1β) were increased in the control group; however, HJE
administration significantly lowered these levels. This implied that reflux esophagitis is caused by the combined action of
oxidative stress and inflammatory response. HJE has shown protective effects against reflux esophagitis by its antioxidant,
anti-inflammatory, and anti-secretory activities. These results suggested that HJE could have therapeutic effects in reflux
esophagitis.
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Introduction

and tension of the LES, gastric acid gets refluxed into the
esophagus. If the LES pressure is kept low, severe complications,
such as chronic esophageal inflammation, aspiration pneumonia,
or Barrett’s esophagus can occur.5) The pressure of the LES alone,
however, does not accurately denote the stage of reflux
esophagitis, which suggests that there are several other risk factors
involved, such as weakening esophageal mucosa.6)
The underlying mechanism of reflux esophagitis has not been
elucidated.7) There are two aspects in the mechanism of reflux
esophagitis. Traditionally, oxidative stress is known to be an
important factor in GERD.8) In this aspect, many studies have
shown that esophageal lesions are associated with reactive oxygen
species (ROS) leading to lipid peroxidation.9) Recent studies have
also shown that inflammatory cytokines, such as tumor necrosis
factor-α (TNF-α), interleukin-1β (IL-1β) and interleukin-6, are
associated with reflux esophagitis.10) These findings suggest that
there are multiple factors which play important roles in the
development of reflux esophagitis.
Excessive production of ROS, one of the pathophysiological
causes of reflux esophagitis, happens due to a redox imbalance.
The redox imbalance worsens as ROS production increases. The
excessive production of ROS causes oxidative stress in the

The prevalence of gastroesophageal reflux disease (GERD) is
high in the countries of the western hemisphere. But it has been
shown that its prevalence is increasing in Asia.1) GERD is a
recurrent and chronic disease, which is accompanied by the
symptoms of heartburn, chest tightness, dysphagia, laryngitis, and
cough. Among these, heartburn and chest tightness are the most
painful symptoms.2)
Reflux esophagitis occurs when the gastric contents are
chronically refluxed into the esophagus. Identifying the cause of
reflux esophagitis is complex, but typical causes are the weakness
of the low esophageal sphincter (LES) and the esophageal
mucosa.3) LES is one of the most important barrier to acid reflux
into the esophagus.4) The LES tension plays a key role in
maintaining the LES function. As various factors weaken the tone
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esophageal epithelium resulting in its damage.11) Substances with
antioxidant activities can effectively eliminate excess ROS and
thereby prevent damage to the esophageal tissue.
Studies have shown that gastric acid causes inflammation.
thereby increasing the expression of TNF-α and IL-1β.12) In
particular, these inflammatory mediators have been reported to
affect the progression of mucosal inflammation.13) Therefore, the
protective effects of a drug against reflux esophagitis can be
evaluated from the levels of these inflammatory mediators.
At the present, various treatments and surgery are available in
the area of reflux esophagitis. Medications that act as antioxidants
and anti-inflammatories are frequently used as pharmacological
therapy in reflux esophagitis. For example, sucralfate, which
inhibits pro-inflammatory cytokines and enhances the release of
cytoprotectants such as mucus. Also, sucralfate has antioxidative
effect and it was selected as the positive control in this study.14,15)
Humulus japonicus, also known as Japanese hop, is a medicinal
herb belonging to the Cannabaceae family. The plant is widely
distributed throughout the temperate regions. H. japonicus has
been used for the treatment of hypertension, pulmonary tuberculosis,
and tuberculous cervical lymphadenitis. The plant is also reported
to have antioxidant, anti-inflammatory, anti-aging, anti-mutagenic
effects, and anti-bacterial properties.16) Because of the antioxidant
and anti-inflammatory properties, the protective effects of H.
japonicus extracts (HJE) was investigated in a reflux esophagitis
model in experimental rats. The aim of this study was to evaluate
the protective effects of HJE on surgically-induced reflux
esophagitis.

water at different concentrations, and sucralfate was dissolved in
saline. The total volume of the drug and vehicle administered was
1 mL.
Preparation of the H. japonicas leaf extracts

H. japonicus leaves were extracted with 99% water (10x) at
room temperature for 8 h. The extracted stock solution was
precipitated at room temperature for 8 h. The extracted stock
solution was passed through a 25 μm diameter filter paper. The
filtered extract was concentrated to 26 Brix using a reduced
pressure concentrator. The condensed HJE was obtained using a
spray dryer with a final yield of 17%. The HJE had a medium
viscosity and was water soluble. It was stored at 4oC. All these
processes were executed at Samjin Ginseng Natural Food
Company (Hongchun, Gangwon, Korea).
Establishment of reflux esophagitis model

Reflux esophagitis was induced by surgery. Rats were fasted
overnight but allowed free access to water prior to the surgery.
Under anesthesia, midline incisions were made in the abdomen
below the xyphoid and in the neck. The pylorus and the
transitional part between the forestomach and corpus were
simultaneously ligated.17) To increase an environment of excessive
stomach acid through increasing the reflux, a wound of about 1
cm in length was created in the LES.18) After 6 h, the rats were
sacrificed with diethyl ether and the gastric contents and
esophagus were collected for further assessments.
Experimental design

Experimental Methods
Animals

Six-weeks-old male Sprague-Dawley rats weighing 200220 g
were provided by Raon Bio (Yongin, Gyeonggi, Korea). The
animals were acclimatized for a day and were provided with food
and water ad libitum. The animals were provided with water 24
h before the initiation of the experiment. The animal experiments
were performed after receiving approval from the Institutional
Animal Care and Use Committee (IACUC 2018-00030), ChungAng University.

The experimental animals were divided into 6 groups: sham,
control, HJE 50 mg/kg, HJE 100 mg/kg, HJE 200 mg/kg and
sucralfate groups (Table 1). The sham group received oral distilled
water 30 min before suturing without induction of reflux
esophagitis, followed by the collection of the esophagus and
gastric contents after 6 h. The other groups received oral drug
30 min before induction of reflux esophagitis. After that, the
operation was performed, and 6 h later, the esophagus and gastric
contents were collected. Further experimental procedures and
assays were performed with the esophagus and gastric contents.
Evaluation of reflux esophagitis

Drugs

The leaves of H. japonicus were provided by Seorim Bio
(Chuncheon, Gangwon, Korea). The leaves were chopped into
multiple pieces and extracted with distilled water (×10). Sucralfate
and sucrose octasulfate-aluminum complex were provided by
Sigma (St. Louis, MO, USA). HJE was dissolved in distilled
Vol. 64, No. 1, 2020

After trimming the esophagus, an image was obtained by a
stereomicroscope. The image was then analyzed by the ImageJ
software (https://imagej.nih.gov/ij) to measure the area of
inflammation relative to the total area (mm2). After adjusting the
background, the inflammatory parts were automatically detected
and analyzed in the image.
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Table 1. Composition of the experimental groups
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solution, and the absorbance was measured at 450 nm. TNF-α
level was calculated with the help of a standard curve.

Group (n=8)

Dose

Reflux esophagitis
induction

Sham

-

-

Estimation of interleukin 1β (IL-1β) level

Control

-

+

IL-1β level was estimated using IL-1β ELISA kit (E-ELR0012, Elabscience, Wuhan, China). IL-1β was detected with a
pre-coated antibody specific to rat IL-1β. A biotinylated detection
antibody and horseradish peroxidase conjugated with avidin were
added successively to each microplate. The substrate solution was
then added and incubated. The reaction was terminated with a
stop solution and the absorbance was measured at 450 nm. IL-1β
level was calculated with the help of the standard curve.

HJE 50 mg/kg

50 mg/kg/1 mL

+

HJE 100 mg/kg

100 mg/kg/1 mL

+

HJE 200 mg/kg

200 mg/kg/1 mL

+

Sucralfate

250 mg/kg/1 mL

+

+, Reflux esophagitis induction; -, none; HJE, Humulus japonicus
extracts. All groups consisted of 8 rats.

Gastric acid analysis

The gastric contents were collected in 15 mL conical tubes and
centrifuged at 3000×g for 10 min. After centrifugation, the
supernatant was collected in 1.5 mL conical tubes and its volume
(mL) and acidity (μEq/L) were measured. The acidity was
estimated by a pH meter (Toledo 320, Mettler, Swiss) by titration
with 0.1 N NaOH to pH 7.0.

Statistical analyses

The data are represented as the mean value±SEM (standard
error of the mean). One-way ANOVA was performed and a p
value of <0.05 was considered as statistically significant.

Results

Estimation of malondialdehyde (MDA) level

Effects of HJE on the esophageal lesion in the reflux

MDA level was estimated using MDA ELISA kit (E-EL-0060,
Elabscience, Wuhan, China). MDA in the sample was detected by
biotinylated detection-antibody specific to MDA. Horseradish
peroxidase-conjugated with avidin was then added to each
microplate. 3,3',5,5'-tetramethylbenzidine substrate was added to
each well followed by incubation and addition of stop solution to
terminate the reaction. MDA level was estimated with the help of
the standard curve at a wavelength of 450 nm.

esophagitis model

Estimation of superoxide dismutase (SOD) activity

SOD activity was estimated using SOD activity assay kit
(ab65354, Abcam, Cambridge, MA, USA). SOD activity was
indirectly estimated by the reduction rate of WST-1. The WST-1
reduction rate was linearly related to the inhibitory activity of
xanthine oxidase by SOD. SOD catalyzed the dismutation of
superoxide anion into hydrogen peroxide and molecular oxygen,
thereby inhibiting WST-1 reduction.

Inflammatory lesions were observed in the esophagus collected
6 h after the induction of reflux esophagitis. Severe longitudinal
ulcerations were observed in the control group. The ulcer area
was smaller in the HJE-treated and sucralfate groups (Fig. 1A).
By the ImageJ software, the inflammatory areas were quantified
and compared with the sham group. The mean inflammatory area
(%) of the control group (56.04%) demonstrated that the
surgically-induced reflux esophagitis model was well established.
Compared with the control group, the inflammatory areas (%)
were reduced in the HJE-treated and sucralfate groups (Fig. 1B).
In particular, the reduction in the inflammatory area in the HJEgroup had a dose-dependent trend. The sucralfate group also
showed a significant reduction of the inflammatory areas. These
results showed that HJE reduced the size of the lesion in reflux
esophagitis.
Effects of HJE on acidity and volume of gastric juice

Estimation of tumor necrosis factor-α (TNF-α) level

in the reflux esophagitis model

TNF-α level was estimated using TNF-α ELISA kit (E-ELR0019, Elabscience, Wuhan, China). TNF-α was detected with a
pre-coated antibody specific to rat TNF-α. A biotinylated detection
antibody specific for Rat TNF-α and horseradish peroxidase
conjugated with avidin were then added continuously to each
microplate. The substrate solution was added to each well and
incubated. The reaction was then terminated through a stop

When reflux esophagitis was induced, the acidity and volume
of gastric juice were found to be increased. HJE in 100 and 200
mg/kg doses significantly reduced the acidity of gastric juices. On
the other hand, the total volume of gastric juice showed a
significant reduction only in the HJE 200 mg/kg group (Fig. 2A
and 2B). HJE 100 and 200 mg/kg groups showed a significant
reduction in the acid output as compared to the control (Fig. 2C).
J. Pharm. Soc. Korea
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Fig. 1. Macroscopic appearance and quantification of the representative esophageal tissue in each group. A: The macroscopic appearance
of representative esophageal tissue from each group is shown. B: The inflammatory area was quantified relative to sham group. The area of
inflammation relative to the total area was expressed as a percentage. Control: control group, sucralfate: sucralfate-treated group, HJE: HJEtreated group (different concentrations). The data are expressed as the mean±SEM (n=8). p<0.01, and p<0.001 as compared to the control.
##

The sucralfate group also showed a significant reduction in acid
output in the gastric juice as compared to the control.
Effects of HJE on MDA level in the reflux esophagitis
model

The levels of MDA, a bioactive marker of lipid peroxidation,
were estimated in the esophageal tissues. Compared with the
sham group, the MDA level in the control group was significantly
increased (Fig. 3A). The level of MDA in the HJE 200 mg/kg
group was significantly lower than that in the control group. The
sucralfate group also showed a significant reduction in MDA level
as compared with the control group.
Effects of HJE on SOD activity in the reflux esophagitis model

SOD is an antioxidant enzyme. It was found that the SOD
Vol. 64, No. 1, 2020

###

activity was significantly decreased in the control group as
compared to the sham group (Fig. 3B). HJE 200 mg/kg group
showed significant improvement in the SOD enzyme activity.
Although there was no significant difference, there was a trend of
improvement of SOD enzyme activity in HJE 50 mg/kg and HJE
100 mg/kg groups.
Effects of HJE on TNF-α level in the reflux esophagitis
model

For evaluating the anti-inflammatory effects of HJE, TNF-α
levels were estimated in the esophageal tissues. TNF-α level was
significantly increased in the control group as compared to the
sham group (Fig. 4A). Compared with the control group, TNF-α
level was significantly decreased in HJE 200 mg/kg group. There
was no significant reduction in TNF-α level in HJE 100 mg/kg
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Fig. 3. Effects of HJE on MDA level and SOD activity in the
esophageal tissues. A: MDA level, an indicator of lipid
peroxidation, was evaluated in the esophageal tissues. B: The
activity of SOD, an antioxidant enzyme, was evaluated in the
esophageal tissues. Sham: sham operation control group, Control:
control group, Sucralfate: sucralfate treated group, and HJE: HJEtreated group (different concentrations). The data are expressed as
the mean±SEM (n=8). **p<0.01 as compared to the sham, p<0.05
and p<0.01 as compared to the control.
#

##

Fig. 2. Effects of HJE on the gastric contents. Analysis of gastric
contents was performed. A: Results of the acidity of gastric
contents, B: Results of the total volume of gastric contents, C:
Results of the acid output of gastric contents. Control: control group,
Sucralfate: sucralfate-treated group, HJE: HJE-treated group
(different concentrations). The data are expressed as the mean±SEM
(n=8). p<0.05, p<0.01, and p<0.001 as compared to the control.
#

##

was significantly decreased as compared to the control group. In
HJE 50 and 100 mg/kg groups, there were no significant reductions
as compared to the control group. The sucralfate group, as a
positive control, showed a significant reduction in the IL-1β level
as compared to the control group.

###

group, although there was a trend of reduction. The sucralfate
group, as a positive control, showed a significant reduction in the
TNF-α level as compared to the control group.
Effects of HJE on IL-1β level in the reflux esophagitis
model

The IL-1β is one of the inflammatory cytokines that can be
used as a marker to assess the degree of inflammation. IL-1β
levels were estimated in the esophageal tissues. IL-1β level was
significantly increased in the control group as compared with the
sham group (Fig. 4B). In the HJE 200 mg/kg group, IL-1β level

Discussion
GERD is a disease in which the gastric contents get refluxed
into the esophagus If not treated properly. GERD causes chronic
symptoms and affects the quality of life. It is well known that
gastric acid plays a key role in esophageal mucosal injury.19,20)
Gastric acid determines the degree of mucosal damage in the
esophagus. The increased volume of gastric contents causes
temporary relaxation of the LES,21) and because of this LES
relaxation, gastric contents can reflux into the esophagus causing
esophageal mucosal damage.
Previous studies have shown that HJE has antioxidant, antiinflammatory, and anti-aging properties.22-24) Polyphenols, present
J. Pharm. Soc. Korea
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Fig. 4. Effects of HJE on TNF-α and IL-1β level in the
esophageal tissues. A: The level of TNF-α, an indicator of the antiinflammatory effect, was evaluated in the esophageal tissues. B: The
level of IL-1β, an indicator of the anti-inflammatory effect, was ex
evaluated pressed in the esophageal tissues. Sham: sham operation
control group, Control: control group, Sucralfate: sucralfate treated
group, HJE: HJE-treated group (different concentrations). The data
are expressed as the mean±SEM (n = 8). ***p<0.001 as compared to
the sham, p<0.05 as compared to the control, and p<0.01 as
compared to the control.
#

##

in many medicinal herbs, contribute as the main compounds to
the antioxidant effects.25) The polyphenol content in H. japonicus
leaves is much higher than that in the roots and stems.16) In this
study, HJE was obtained from the leaves of H. japonicas with
water.
Many studies suggest that reflux esophagitis is accompanied by
increased acidity and volume of gastric contents,26) resulting in
esophageal inflammation. In this experiment, the reflux esophagitis
model was established according to a previous study.18) In this
model, the antioxidant and anti-inflammatory effects of HJE were
evaluated.
Firstly, the morphological changes in the esophagus were
examined, and the esophageal inflammatory areas (%) were
evaluated macroscopically. Inflammatory area (%) is a commonly
used important parameter to evaluate the severity of esophageal
inflammation in reflux esophagitis models.27) The inflammatory
area was expressed as the area relative to the total area in
percentage. The inflammatory areas in the control group were
markedly increased suggesting that the surgically-induced reflux
Vol. 64, No. 1, 2020

esophagitis model was well established. Thereby supporting the
finding of previous studies.26) The recovery in terms of inflammatory
area (%) in the HJE-treated group was estimated.
The acidity and volume of gastric contents were decreased in
HJE-treated groups. It indicated that HJE has similar acid
inhibitory potency as compared to sucralfate. Sucralfate, as buffers
acid, inhibited the action of pepsin, and adsorbs bile salts. Also,
sucralfate was known to bind to the uninjured mucosa and was
believed to a similar barrier effect on regenerated and normal
mucosa.28) Especially, the effects of HJE were more on acid
output when both acidity and volume were considered together. In
this regard, HJE effectively reduced the acidity and volume of
gastric contents.
One of the pathogenic factors in reflux esophagitis is oxidative
stress.29) Although exposure to the esophageal mucosa to gastric
acid leads to esophageal inflammation, oxidative stress can also
cause secondary damage to the esophageal mucosa.30) Furthermore,
it is known that structural modification of lipids by ROS causes
extensive subcellular damage in the tissues. It was confirmed that
in reflux esophagitis, MDA, a bioactive marker of lipid peroxidation
was increased; and the activity of SOD, an antioxidant enzyme
was decreased.31) HJE was found to ameliorate these changes in
reflux esophagitis. In the HJE 200 mg/kg group, the levels of each
of the estimated parameters were found to return to values similar
to that of the sucralfate group. These results demonstrated that
HJE exerted protective effects against reflux esophagitis through
antioxidant activities.
Recent studies have suggested that inflammatory cytokines play
major roles in the pathological process of the esophageal mucosal
inflammation.32) The inflammatory cytokines (TNF-α and IL-1β)
play key roles in forming lesions associated with acute esophageal
mucosal inflammation leading to congestion of esophageal mucosa
and progression of injury.12) Administration of HJE significantly
reduced the levels of inflammatory cytokines. These findings
supported the hypothesis that the anti-inflammatory effects of HJE
were primarily responsible for the amelioration of the inflammatory
lesions in the esophagus.

Conclusion
In this study, the effects of HJE were evaluated in reflux
esophagitis rat. The levels of the inflammatory cytokines and
oxidative stress were recovered by HJE administration, suggesting
that HJE could reduce the damage of esophageal mucosa in reflux
esophagitis. These protective effects are thought to be related to
the antioxidant, anti-inflammatory, and anti-secretory effects of
HJE. In conclusion, these results suggested that HJE could be a
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potential therapeutic agent for the treatment of reflux esophagitis.
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