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Inhibitory effect of Suaeda asparagoides (Miq.) extract on the 
motility of rat gastric antrum is mediated by β-adrenoceptor
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Suaeda asparagoides (Miq.) has long been used as a Korean folk herbal medicine for the treatment of
functional gastrointestinal disorders. However, reports on its pharmacological activity on gastrointestinal
motility are scarce. The present study investigated the effects of Suaeda asparagoides water fraction of the
extract (SAWF) on antral motility in vitro. Muscle strips from rat gastric antrum were set up in an organ
bath in a circular orientation. SAWF (100 µg/mL) inhibited the spontaneous contraction of antral circular
muscle strips. These inhibitory effects were not significantly affected by tetrodotoxin (1 µM), Nω-Nitro-L-
arginine methyl ester hydrochloride (100 µM), 1H-(1,2,4)oxadiazolo(4,3-a)quinoxalin-1-one (10 µM), ryanodine
(10 µM) and phentolamine (10 µM). SAWF-induced inhibition was mostly restored by cyclopiazonic acid
(10 µM). Furthermore, the β-adrenergic receptor antagonist, propranolol (10 µM), abolished SAWF-
induced inhibition. These results suggest that SAWF may exert its activity on gastrointestinal smooth
muscle via â-adrenergic receptors and sarcoplasmic reticulum Ca2+ ATPase.
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Gastric antrum, like other gastrointestinal tissues, exhibits

spontaneous motility in the absence of nerve input. This activity

is governed by the slow wave - a spontaneous rhythmic

depolarization of membrane potential [1]. It is generally

accepted that a slow wave is generated by specialized cells

called interstitial cells of Cajal (ICC) and these events spread

actively within ICC networks and conduct passively to

neighboring smooth muscle cells electrically coupled to ICC [2].

Contraction of smooth muscle is regulated by the cytosolic

(intracellular) calcium ion (Ca2+) level [Ca2+]
i 
[3,4]. Therefore,

the spontaneous contraction of gastrointestinal muscle is

affected by endogenous and exogenous substances regulating

Ca2+-influx through the membrane or of Ca2+-release from

the sarcoplasmic reticulum (SR) [5]. These substances include

neurotransmitters such as acetylcholine, adrenalin, and nitric

oxide (NO).

Focusing attention on plants medicinally used by indigenous

people is the most efficient way to identify herbal plants

that may contain bioactive substances. Considering the

enormous variety of plant species [6], their potential use as

new drug sources has not been completely explored [7,8].

The demand for herbal medicinal products for healthcare

is increasing globally [9,10].

Suaeda asparagoides (Miq.) is a halophyte that belongs to

the family Chenopodiaceae, which has been used as a

traditional Korean folk herbal medicine for the treatment of
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functional gastrointestinal disorders and is also reported to

exhibit anti-oxidative and anti-inflammatory activities [11].

However, its pharmacological activity on gastrointestinal

motility is unclear. Therefore, the objective of this study was

to determine the effect of S. asparagoides water fraction of

the extract (SAWF) on antral motility in vitro.

Materials and Methods

Extraction
S. asparagoides reportedly used in Korean folk traditional

medicine was collected from the Korean province of Gunsan

in 2007. Whole plants were labeled, numbered, and annotated

with the date and location of collection and the medicinal use.

As per extraction criteria, the whole aerial plant was used

for fractional distillation. To prepare initial extracts for

pharmacological testing, one part of the dried plant material

was macerated with regular shaking for 72 h in 10 parts of

ethanol. The ethanol extract was filtered and evaporated at

low temperature (not exceeding 40oC) using a digital rotary

evaporator (Tokyo Rikakiki, Tokyo, Japan). The crude extract

obtained after ethanol evaporation was successively treated

by shaking for 48 h in the following solvents: hexane,

chloroform, ethyl acetate, and butanol. Each layer of solvent

extract was separated [11]. The final water fraction was then

dried in vacuo (BioTron, Gangneung, Korea). The dried extract

material (SAWF) was dissolved in distilled water and used

for the experiments.

Animals
Adult male Sprague-Dawley rats weighing 250-350 g were

kept in a group cage under standard environmental conditions

in an automatically controlled temperature (21±0.5oC), with

12-h light and dark cycle in a laboratory animal facility. The

rats had free access to standard laboratory animal food pellets

and water. The investigation conformed to the Guide for

the Care and Use of Laboratory Animals protocol, published

by the United States National Institutes of Health.

Tissue preparation
Rats were sacrificed by cervical dislocation and the stomachs

were immediately removed and placed in oxygenated (95%

O
2
 and 5% CO

2
) Krebs-Ringer bicarbonate solution (KRB,

pH7.4). Subsequently, each stomach was opened along the

lesser curvature and the luminal contents were thoroughly

washed using KRB. The mucosa and sub-mucosa were

removed by sharp dissection and pinned to the bottom of

Sylgard-coated Petri dishes, with the mucosal aspect of the

antral muscle facing upward.

In vitro motility studies
Muscle strips (2 mm wide by 8 mm long) were cut along

the circular muscle fiber layer of the gastric antrum, suspended

in an organ bath containing 10 mL of KRB maintained at

37oC, and bubbled with 95% O
2 
and 5% CO

2
. The lower

end of each muscle strip was fixed to a stationary holder,

and the upper end was attached to a model FT-03 force

displacement transducer (Grass-Telefactor, West Warwick, RI,

USA) for measuring changes in isometric tension. The signals

from the transducer were processed and recorded through

Power Lab 2/25 and Chart 5.01 software (AD Instruments,

Bella Vista, Australia). Tissues were mounted with an initial

load of 0.5 g. After an equilibration period of 60 min with

a 10-min wash-out interval, responses of the circular antral

muscle to all the treatments were examined. Between

treatments, the strips were washed out at least three times

every 10 min.

Solutions and drugs
The composition of KRB solution used in this study was

(in mM) 118 NaCl, 4.7 KCl
2
, 1.2 MgSO

4
, 25 NaHCO

3
, 1.2

KH
2
PO

4
, 11 dextrose, and 2.5 CaCl

2
. The pH of the buffer

was 7.4 when bubbled with 95% O
2 
and

 
5% CO

2
 at 37oC.

Nω-nitro-L-arginine methyl ester (L-NAME), propranolol,

phentolamine, and tetrodotoxin were purchased from Sigma-

Aldrich (St. Louis, MO, USA). 1H-(1,2,4)oxadiazolo(4,3-

a)quinoxalin-1-one (ODQ), cyclopiazonic acid (CPA), α-

adrenergic antagonist receptor (phentolamine), Na+ channel

blocker (tetrodotoxin, TTX, 1 µM); sarcoplasmic reticulum

Ca2+ ATPase (SERCA) inhibitors, and ryanodine were purchased

from Tocris Bioscience (Ellisville, MO, USA). L-NAME,

phentolamine, ryanodine, propranolo and TTX were dissolved

in distilled water. ODQ and CPA were dissolved in

dimethylsulfoxide (DMSO). The final bath concentration of

DMSO did not exceed 0.1% v/v.

Analysis of data
Values are mean±SEM; n represents the number of animals

from which muscle strips were obtained. Paired and unpaired

t-tests and one-way ANOVA (repeated measures) followed

by multiple comparisons against the control (Tukey’s test) were

used for statistical comparisons. P<0.05 was used as a cut

off for statistical significance in all statistical procedures.

Results

Effects of S. asparagoides extract on antral motility
In a preliminary experiment, we examined the effects of

extracts of various solvent fractions (ethanol, hexane,
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chloroform, ethyl acetate, butanol, and water) of S. asparagoides

on antral motility. SAWF showed the strongest effects, and

was used in the subsequent experiments.

The antral smooth muscle strips showed rhythmic

spontaneous phasic contraction. To evaluate the effect of SAWF

on the spontaneous contractility of rat gastric antrum in vitro,

SAWF was administered in a cumulative method (1-300 mg/

mL). Low concentrations (1, 3, and 10 mg/mL) of SAWF

increased the amplitude of antral spontaneous phasic

contraction, whereas high concentrations (>10 mg/mL)

caused a decrease in the motility of antral circular muscle

(Figure 1).

To investigate the inhibitory effect of SAWF on the gastric

antral contractility, SAWF (100 µg/mL) was administered in

the bath in the presence or in the absence of the inhibitors.

SAWF induced an immediate and long-lasting inhibition of

spontaneous phasic contraction in the circular gastric muscle

strips (Figure 2A). The effects of SAWF were fully reversible

after wash-out.

The sodium channel blocker TTX at a concentration of

1 µM did not affect the spontaneous phasic contraction of

rat gastric antral muscle strips (Figures 2B and 2C). Pretreatment

Figure 1. Biphasic effects of SAWF on the spontaneous contractility of rat gastric antral circular muscle. Low concentrations (1-10
mg/mL) of SAWF increased the motility of gastric antral circular muscle, whereas high concentrations (>10 mg/mL) repressed
motility.

Figure 2. Effect of Na+ channel blocker, tetrodotoxin (TTX), on SAWF-induced responses of strips from circular muscles of rat
gastric antrum. (A and B) Antral smooth muscle strip responses induced by SAWF (100 µg/mL) alone (A) or in the presence of TTX
(1 µM) (B). (C) This experiment performed in same strip. Actual values for amplitude inhibition effect of SAWF alone and TTX
pretreated antral muscle strips. (D) Pretreatment of TTX did not significant affect on the amplitude ratio of the remnant phasic
contraction after SAWF administration. Values are mean±SEM. *Significantly different from previous column, P<0.05 (n=6).
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of TTX did not significantly affect the amplitude ratio of the

remnant phasic contraction after SAWF administration (Figure

2D).

Involvement of NO pathway in SAWF relaxing action
To determine whether the NO pathway was involved in

the inhibitory action of SAWF on gastric antral phasic

contraction, L-NAME (a NO synthase inhibitor) and ODQ

(an inhibitior of soluble guanylyl cyclase) were administered.

Administration of L-NAME (100 µM) evoked statistically

insignificant increases of basal tone and amplitude of phasic

contraction (Figures 3B and 3C). Pretreatment with L-NAME

(100 µM) slightly and statistically insignificantly increased the

amplitude ratio of the remnant phasic contraction after SAWF

administration (Figure 3D). Pre-incubation with ODQ (10

µM) also increased basal tone and the amplitude of phasic

contraction; the increases were not significant (Figures 4B

and 4C), and slightly but significantly increased the amplitude

ratio of the remnant spontaneous contraction after SAWF

(Figure 4D). In the resting state, SAWF did not affect the

basal tone of gastric antral muscle (Figures 2A and 3A).

However, the increased basal tone state by L-NAME and

ODQ was reversed by SAWF to the resting state levels (Figures

3B and 4B).

 

Involvement of [Ca2+]
i
 regulatory mechanisms

The inhibitory effect of SAWF was examined with some

modulators of intracellular Ca2+ regulation. Pretreatment of

antral muscle strips with the SR membrane channel/ryanodine

receptor antagonist ryanodine (10 µM) appreciably increased

basal tone (Figure 5B). Ryanodine also showed a non-significant

increase in the phasic contraction (Figures 5B and 5C).

However, ryanodine did not modify the ongoing SAWF

inhibitory effect on rat gastric antrum phasic contraction (Figure

5D). On the other hand, the SR Ca2+ATPase inhibitor

cyclopiazonic acid (CPA, 10 µM) evoked a transient increase

of basal tone and significantly decreased the amplitude of

the spontaneous contraction of gastric antral muscle (Figures

6B and 6C). However, CPA mostly protected the amplitude

of the phasic contraction from SAWF inhibition (Figure 6D).

Figure 3. Effect of L-NAME on SAWF evokes relaxation of rat gastric antrum. (A) SAWF-induced inhibition on antral spontaneous
phasic contraction. (B) Panel for the effect of SAWF on L-NAME pretreated antral muscle strip. (C) Summary for the actual values
of control, SAWF and L-NAME treatment groups. (D) Pretreatment of L-NAME (100 µM) showed a slight tendency to increase the
amplitude ratio of the remnant phasic contraction after SAWF administration without significance. Values are mean±SEM.
*Significantly different from previous column, P<0.05 (n=6).
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Adrenergic mediation of the SAWF extract relaxing

effect
To ascertain the involvement of adrenoceptor in the action

of SAWF, the effects of SAWF were evaluated in the absence

or in the presence of α- and β-adrenergic receptor antagonists.

Pretreatment of muscle strips with the nonselective α-

adrenergic receptor blocker phentolamine (10 µM) did not

induced significant changes in the amplitude of spontaneous

contraction and did not affect the action of SAWF (Figure

7A). However, the β-adrenergic receptor antagonist propranolol

(10 µM) did not affect the amplitude of phasic contraction,

but completely blocked the inhibitory effect of SAWF (Figure

7B).

Discussion

Gastric antrum, like other gastrointestinal tissues, exhibits

spontaneous motility in the absence of nerve input. This activity

is regulated by spontaneous rhythmic depolarization and

repolarization of membrane potential, a phenomenon termed

slow waves [1], which are generated by ICC [2,12]. In the

present study, SAWF exhibited a biphasic dose-response profile

in the isolated gastric antral muscle. Lower concentrations

of SAWF increased contraction, while higher concentrations

produced inhibition. These biphasic effects of herbal extracts

have been reported in gastrointestinal motility [13,14], cellular

proliferation [15], antihyperglycemic activity [16], and the

secretion of interleukin-1β and tumor necrosis factor-α by

mononuclear cells [17]. These data suggest that our extract

may have both stimulatory and inhibitory components.

Lower concentrations of SAWF may accelerate gastric

emptying and contribute to their efficacy in treating symptoms

associated with gastroparesis [18]. Stimulating gastric motility

agents also enhances gastric emptying [19-21]. On the other

hand, higher concentrations SAWF may have a beneficial

effect on symptoms associated with rapid gastric emptying.

This study, however, focused on the inhibitory mechanism

of SAWF.

Involvement of NO pathway in the inhibitory effect

of SAWF
The inhibitory response exhibited by the extract was not

Figure 4. Effect of ODQ on SAWF induced inhibition on amplitude of rat gastric antral muscle phasic contraction. (A) Panel for
SAWF-induced inhibition on the amplitude of rat antral spontaneous phasic contraction (B) Panel for the effect of SAWF on ODQ
pretreated antral muscle strip. (C) Summary for the actual value of control, SAWF, and ODQ treatment groups. (D) ODQ (10 µM)
slightly but significantly increased the amplitude ratio of the remnant spontaneous contraction after SAWF administration. Values
are mean±SEM. *Significantly different from previous column, P<0.05 (n=6).
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affected by the nerve blocker TTX, suggesting that the observed

pharmacological effects are not mediated through the nerves.

It is now widely recognized that NO is an important

physiological mediator of nonadrenergic-noncholinergic

(NANC) relaxation of gastrointestinal smooth muscle [22,23].

NO is synthesized by NO synthase and NO increases the

intracellular cGMP concentration through activation of soluble

guanylate cyclase, and cGMP induces various cellular

responses via protein kinase G-dependent phosphorylation

of intracellular target proteins including ion channels [24].

In this study, the NO synthase inhibitor L-NAME showed

a tendency to slightly and statistically insignificantly reduce

the effects of SAWF on antral circular muscle motility. The

soluble guanylate cyclase inhibitor ODQ significantly suppressed

SAWF effects on the amplitude of antral spontaneous

contraction. These data suggest that the SAWF effect on antral

motility might involve the NO pathway but the portion of

NO pathway is very small.

Involvement of [Ca2+]
i 
regulation

It is generally accepted that regulation of intracellular calcium

concentration ([Ca2+]
i
) is important in pacemaking of the

gastrointestinal tract [25,26], and in the contraction and

relaxation of smooth muscle [25,26]. Ryanodine, which is

a SR receptor antagonist, is frequently used to deplete the

SR by causing the Ca2+ release channels to remain in a semi-

conducting state, resulting in an increased cytosolic Ca2+

concentration [27].

In the present study, ryanodine increased the basal tone

and amplitude of phasic contraction in gastric antral muscle.

These ryanodine effects might be due to increased [Ca2+]
i
.

However, ryanodine did not affect the SAWF induced

inhibition, suggesting that the extract effect may not be

mediated through the ryanodine receptor.

Laporte et al [27] and Thorneloe and Nelson [5] indicated

that Ca2+ removal in smooth muscle is critically important

to mediate smooth muscle relaxation and maintain Ca2+

Figure 5. Effect of ryanodine on SAWF induced inhibition on amplitude of rat gastric antral muscle phasic contraction. (A) Panel for
SAWF induced inhibition on the amplitude of spontaneous phasic contraction (B) Panel for the effect of SAWF on ryanodine
pretreated antral muscle strip. The bars over the panels indicate the duration of administration of the extract ryanodine. (C)
Summary for the control, SAWF and ryanidine treatment groups. (D) Ryanodine (10 µM) did not affect SAWF induced inhibition
ratio on the amplitude of rat antral muscle phasic contraction. Values are mean±SEM. *Significantly different from previous column,
P<0.05 (n=6).
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homeostasis. Ca2+ removal occurs by means of uptake of

Ca2+ into the SR via Ca2+-ATPase (SERCA pump).

In the present study, CPA transiently increased the basal

tone and decreased amplitude of spontaneous contraction

in gastric antral muscle. However, CPA protected the large

part of the amplitude in the antral phasic contraction from

SAWF. Therefore, it can be concluded that acceleration of

the SR Ca2+-ATPase (SERCA) activity and SR Ca2+ uptake

may play a greater role in the inhibitory action of SAWF

on gastric motility.

Involvement of adrenergic receptors
The sympathetic nervous system has an inhibitory effect

on gastrointestinal motility [28]. The inhibitory effect of

sympathetic nerve stimulation in the gastrointestinal tract is

mediated by the activation of postjunctional β-adrenoceptors

(β-AR) and all three β-AR subtypes, β
1
-, β

2
- and β

3
-AR, exist

in the gastrointestinal tract [29,30].

In the present study, the sustained inhibition of the

spontaneous phasic contraction by SAWF in the rat gastric

antrum was unaffected by the α-adrenergic receptor antagonist,

phentolamine, but was abolished by the β-adrenergic receptor

antagonist, propranolol. These data indicate that the inhibition

of spontaneous contractile activity by SAWF is mediated by

β-adrenergic pathways.

It is generally accepted that activation of β-AR evokes

accumulation of cAMP then activates cAMP-dependent

protein kinase A ([27,31]. Phospholamban regulates the

contractility of smooth muscle by reducing Ca2+ uptake into

the SR. When phospholamban is phosphorylated by protein

kinase A, SERCA activity is increased, resulting in an enhanced

uptake of Ca2+ by the SR and reduction of [Ca2+]
i 
and

subsequent muscle relaxation [4,5,32].

In conclusion, the water fraction of S. asparagoides extract

(SAWF) inhibits rat gastric antral phasic contraction. This

inhibitory effect of SAWF is completely blocked by propranolol

(β-adrenoceptor antagonist) and almost abolished by CPA

(SR Ca2+-ATPase inhibitor). These data suggest that the

inhibitory action of SAWF on the gastric antral motility is

mediated by β-adrenoceptor and is mostly performed by

accelerating the SR Ca2+-ATPase.

Figure 6. Effects of CPA on SAWF evoked inhibition of antral muscle phasic contraction. (A) Panel for SAWF-induced inhibition on
the amplitude of spontaneous phasic contraction. (B) Sarcoplasmic reticulum Ca2+-ATPase inhibitor, cyclopiazonic acid (CPA, 10
µM), did not affect on the gastric antral motiltity. (C) Actual values on SAWF alone & in the presence of CPA with their respective
controls. (D) CPA mostly protected the amplitude of the phasic contraction from SAWF inhibition. Values are mean±SEM.
*Significantly different from previous column, P<0.05 (n=6).
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