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ABSTRACT

Article Type:

Introduction: Acmella oleracea has been used as a traditional medicine for treatment of asthma,
sore throat, haemorrhoids and toothache. However, whether A. oleracea has gastrointestinal
functions, such as regulation of intestinal contractions, has not been fully elucidated. Therefore,
the aim of the present study was to investigate the effect of A. oleracea flowers extract (AFE) on
rat ileum contractions and the possible mechanism(s) of its action.
Methods: The extract was prepared using the Soxhlet apparatus with 95% ethanol. Ileum was
removed from male Wistar rats and mounted in an organ bath containing Krebs solution. The
tissue contractions were recorded by an isotonic transducer under 1 g tension.
Results: The cumulative concentrations of the AFE (0.01–1 mg/mL) reduced the ileum
contractions induced by KCl (80 mM) (n = 6, P < 0.05). AFE (1 mg/mL) attenuated the
contractions induced by cumulative concentrations of CaCl2 (1–20 mM), while the spasmolytic
effects of the extract were not reduced after tissue incubation with N (ω)-nitro-L-arginine
methyl ester (L-NAME) (100 µM, 20 minutes).
Conclusion: These results suggest that AFE inhibits ileum contractions without involving the
nitric oxide pathway, which is possibly mediated via blockade of voltage-dependent calcium
channels. A. oleracea may be useful in gastrointestinal disorders such as diarrhoea.
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Implication for health policy/practice/research/medical education:

Acmella oleracea flowers extract exhibited spasmolytic activity by inhibiting Ca 2+ influx, which may have implications for
antispasmodic action in gastrointestinal disorders.
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Autthakitmongkol S, et al. Spasmolytic effect of Acmella oleracea flowers extract on isolated rat ileum. J Herbmed Pharmacol.
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Introduction
Irritable bowel syndrome (IBS) is a functional
gastrointestinal disorder characterised by abdominal pain,
an alteration in bowel habits and flatulence (1). The global
*Corresponding author: Acharaporn Duangjai,
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prevalence of IBS in adults (≥15 years old) is estimated
to be 11.2% (95% confidence interval [CI], 9.8–12.8%)
(2). The severity of IBS is associated with the healthrelated quality of life of patients (3). Various medications
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are used for IBS treatment, including anti-spasmodic
drugs (smooth muscle relaxants and calcium channel
blockers), bulking agents and anti-diarrheal agents (1).
As IBS is a long-term gastrointestinal disorder with
recurring symptoms and an increased financial burden,
herbal medicine is considered as an alternative treatment
for the gastrointestinal symptoms of IBS. Herbs used for
IBS management, including Mentha piperita, Aloe vera,
Curcuma longa, Fumaria officinalis, and Hypericum
perforatum, play a role in controlling abdominal pain,
have prosecretory and anti-inflammatory activities, and
regulate gastrointestinal motility (4).
Acmella oleracea (L.) R.K. Jansen (Spilanthes acmella
Murr. or Spilanthes oleracea L. or Acmella uliginosa (SW.)
Cass) is a part of the Asteraceae family. A. oleracea is found
in tropical and subtropical areas of Asia, Africa and South
America, and is commonly used in local cuisine and folk
medicine (5). A. oleracea contains alkylamides, phenolic
compounds, coumarins, triterpenoids (6), phytosterols,
tannins (7), polysaccharides and rhamnogalacturonan
(8). It has a variety of pharmacological properties,
including antioxidant, antimicrobial (6), antiulcerogenic
(9), diuretic (10), anaesthetic, antifungal, antimalarial,
larvicidal, antipyretic, bioinsecticidal, anticonvulsant,
analgesic, pancreatic lipase inhibitor and antiinflammatory activities (5). In addition, A. oleracea
shows vasorelaxant potential in rat thoracic aorta (11).
However, the spasmolytic effect of A. oleracea in intestinal
smooth muscle is not well understood. The present study
investigates the relaxant effect of A. oleracea on ileum
contractions and its possible mechanism.
Materials and Methods
Chemicals
Folin–Ciocalteu’s phenol reagent, N (ω)-nitro-L-arginine
methyl ester (L-NAME), and quercetin were bought
from Sigma-Aldrich. EGTA and HEPES were purchased
from Bio Basic Canada Inc. (Ontario, Canada). Xylazine
was obtained from L.B.S. Laboratory LTD. (Bangkok,
Thailand), Zoletil 50 was purchased from VIRBAC
Laboratories (Carros, France). Dimethylsulphoxide and
methanol were obtained from RCI Labscan. KCl, CaCl2
and other reagents were obtained from Ajax Finechem.
The Krebs solution, pH 7.3 was prepared with the
following composition (in mM): HEPES (10), NaCl (122),
KCl (5), KH2PO4 (0.5), NaH2PO4 (0.5), MgCl2 (1), CaCl2
(1.8), and glucose (11).
Plant materials and extraction
Acmella oleracea flowers were collected from Jam Pa Wai
village, Phayao province, Thailand. The collected specimen
was identified using key and description form taxonomic
literatures, Flora of China and research papers. A voucher
specimen was deposited at the Forest Herbarium (BKF),
Royal Forest Department, the Ministry of Agriculture,
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Thailand (Collection number: WPAc041). For the
extraction, flowers were washed, dried and powdered
finely. The A. oleracea flowers extract (AFE) was prepared
by placing 4 g of dry flowers with 95% ethanol (300 mL)
in a Soxhlet extractor for 4 hours. Then, it was filtered and
evaporated on a rotary evaporator. The extract was kept at
-20°C until used.
Determination of total phenolic content
Total phenolic content of the extract was determined by
the Folin–Ciocalteu method. Accordingly, 10 mg of the
extract was dissolved in 1 mL of DMSO. A total of 250
µL of the extract was mixed with 10 % Folin-Ciocalteu
reagent (1 mL) for 5 minutes, and then 800 µL of 7.5%
NaCO3 was added to the mixed solution. The absorbance
was measured at 765 nm after 20 minutes of incubation
in the dark. The results were expressed as mg gallic acid
equivalent (GAE)/g extract (12).
Determination of total flavonoid content
Total flavonoid content of the extract was determined by
the aluminium chloride colorimetric method (13). Briefly,
250 µL of the extract (0.1 mg/mL) was mixed with 1.25
mL of distilled water, 0.1 µL of 10% AlCl3, and 75 µL of 5%
NaNO2 for 6 minutes. Then, 150 µL of 10% AlCl3∙6H2O was
added for 5 minutes and 500 µL of 1 M NaOH was added.
The absorbance of the reaction mixture was measured at
510 nm. The total flavonoid content was expressed as mg
catechin equivalent (CE)/g extract.
HPLC analysis
High performance liquid chromatography (HPLC) was
performed in a HPLC system (Shimadzu - LC-20A).
Extract was prepared in HPLC grade ethanol. Then,
the sample was sonicated using an ultrasonicator for 15
minutes and detection was performed at 292 nm and 370
nm. Naringin and quercetin were used as the standards
and ran under wavelength at 292 nm and 370 nm,
respectively. All solutions were filtered through a 0.45
μm. The separation was carried out with the flow rate 1
mL/min using an Inertsil ODS-3 (150 × 4.6 mm) column
and using a mobile phase of 3:1 (methanol-H2O) with an
injection volume of 20 μL for 20 minutes.
Animal and ileum preparation
Male Wistar rats (bred at the National Laboratory Animal
Centre, Salaya, Phutthamonthon, Nakhon Pathom,
Mahidol University) weighing 200–250 g were housed
under the controlled conditions of temperature (22±2°C),
light/dark cycle (12/12 hours) and were fed a standard
chow diet. All procedures were carried out in accordance
with the Animal Ethics Committee of the University of
Phayao, Phayao, Thailand (Ethic NO. 610204001). After
overnight fasting, rats were deeply anaesthetised with
Zoletil (50 mg/kg BW) and xylazine (3 mg/kg BW).
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Isolation of rat ileum
Ileum was isolated rapidly, and the mesentery and fatty
tissue were removed and then flushed clean with Krebs
solution. A 1.5 cm length of ileum was transferred to an
organ bath containing 30 mL Krebs solution at room
temperature, pH 7.4, 95% O2 and 5% CO2 and placed
under 1 g tension. The tissue was equilibrated for 1 hour
and washed every 15 minutes prior to the experiment.
Isotonic responses were recorded using a force transducer
and an iWorx214 A/D converter (LabScribe2; Instruments,
Thailand).
Relaxant effect on K+-induced ileum contractions
To find out whether A. oleracea extract induced
ileum relaxation, cumulative doses of the extract were
administered. After the ileum stabilisation period,
contraction was evoked by KCl (80mM) for induction of
maximum contractions. Then, the extracts were added
cumulatively (0.01–1 mg/mL) in an organ bath, and the
isometric contractions were measured.
Characterisation of the relaxation effect of the extract on
calcium influx
In order to investigate the relaxant effect of A. oleracea
extract with regard to calcium influx regulation, Ca2+-free
Krebs solution was used. After contraction of the ileum
was abolished in the Ca2+-free solution, with the following
composition (mM): EGTA (0.01), NaCl (122), KCl (5),
HEPES (10), KH2PO4 (0.5), NaH2PO4 (0.5), MgCl2 (1),
and glucose (11) with pH 7.3 for 30 minutes, a cumulative
concentration of Ca2+ (1–20 mM) was added in the bath
containing high K+ solution in the absence or in the
presence of the extract (1 mg/mL).
Characterisation of the relaxation effect of the extract on
acetylcholine pathway
To investigate the role of A. oleracea extract involving
the acetylcholine pathway, acetylcholine chloride was
used to mimic the effects of acetylcholine. The tissue was
incubated either in the presence or in the absence of the
extract (1 mg/mL) or atropine (100 nM) in an organ bath
for 20 minutes before acetylcholine chloride-induced (10-3
mM, agonist of acetylcholine receptor) contractions.
Characterisation of the relaxation effect of the extract on
nitric oxide pathway
In order to determine whether the extract had a relaxation
effect through the nitric oxide pathway, the extract (1
mg/mL) in the absence or in the presence of L-NAME at
100mM (antagonist of nitric oxide synthase) was added in
the bath for 20 minutes before KCl- induced contractions.
Ileum contractions were calculated as a percentage of the
contractile response.
Statistical analysis
The results are shown as mean ± standard error of the
http://www.herbmedpharmacol.com

mean (SEM). Statistical analyses were analysed using
paired two-tailed Student’s t test. P value less than 0.05 was
considered statistically significant.
Results
HPLC analysis of Acmella oleracea extract
Acmella oleracea extract was dissolved in HPLC grade
ethanol and analysed by HPLC system, using methanol
and water as the mobile phase in the ratio of 3:1 (v/v).
Quercetin and naringin were used as the standards. HPLC
chromatograms of all the standard mixtures were recorded
at 272 nm and 370 nm. The retention time of quercetin
and naringin were found at 3.4 minutes and 1.97 minutes,
respectively. HPLC revealed the amount of quercetin to be
7.6 mg/g and naringin to be 2.4 mg/g as shown in Figure 1.
Total phenolic and flavonoid contents
Total phenolic and flavonoid contents were reported
as GAE by reference to the standard curve (y = 0.0247x
- 0.0043; R² = 0.998) and catechin equivalents (CE) by
reference to the standard curve (y =0.0947 x +0.0412;
R2=0.998), respectively. The A. oleracea extract had a total
phenolic content of 4.32 ± 0.07 mg GAE/g of dry extract
and a total flavonoid content of 22.15 ± 3.62 mg CE/g of
dry extract.
Effect of Acmella oleracea extract on KCl-induced ileal
contractions
The spasmolytic effects of A. oleracea extract on
spontaneous contractions of the ileum are shown in Figure
2. Cumulative concentrations of the extract (0.01–1 mg/
mL) significantly reduced the ileum contractions induced
by KCl (80 mM), in a dose-dependent manner.
Spasmolytic effect of Acmella oleracea extract on Ca2+
induced contractions
In order to characterise the spasmolytic effect of A.
oleracea extract involved in interfering with extracellular
Ca2+ influx, cumulative concentrations of CaCl2 (1–20
mM) were used to induced contractions in the presence
and in the absence of the extract (1 mg/mL). In the
presence of the extract, a diminished response in ileum
contractions was induced by CaCl2 as shown in Figure 3.
This result suggests that A. oleracea extract might interfere
with calcium influx or block the calcium channel.
Spasmolytic effect of Acmella oleracea extract in the
presence of L-NAME
Nitric oxide is known to induce intestinal smooth muscle
relaxation. To explore the spasmolytic effect of A. oleracea
extract mediated by the nitric oxide pathway, L-NAME
(100 µM, antagonist of nitric oxide synthase) was used as a
pre-treatment for 20 minutes before the A. oleracea extract
was added. The spasmolytic effect of the extract (1 mg/
mL) on KCl- induced ileum contractions was unaffected
by L-NAME as shown in Figure 4.
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Figure 1. HPLC chromatograms of Acmella oleracea (A) naringin (B) and quercetin (C) at 292 nm and 370 nm.

Spasmolytic effect of Acmella oleracea extract in the
presence of acetylcholine
To examine the spasmolytic effect of A. oleracea extract
through a cholinergic mechanism, acetylcholine chloride
(10-3 mM) was added in the organ bath after tissue
treatment with the extract (1 mg/mL) or atropine (100
nM) for 20 minutes. The extract and atropine abolished
the response to acetylcholine as shown in Figure 5.

Discussion
This study demonstrated the spasmolytic effect of
AFE in isolated rat ileum due to its ability to cause ileal
smooth muscle relaxation by blocking voltage-dependent
calcium channels. Intestinal smooth muscle contraction
is mediated mainly via increased intracellular Ca2+
concentration (14, 15). Furthermore, high levels of K+
result in smooth muscle membrane depolarisation that

Figure 2. A typical trace of effect of Acmella oleracea extract (0.01–1 mg/
mL) on ileum contractions induced by KCl (80mM) (A). Spasmolytic effect
of cumulative concentrations of Acmella oleracea extract on KCl-induced
rat ileum contractions (n=6) (B). The responses are expressed as the
percentage of initial contractions elicited by KCl. Values were considered
to be significantly different from control when P < 0.05.

Figure 3. Cumulative concentration–response curves to CaCl2 in both
absence (A) and presence (B) of Acmella oleracea extract (1 mg/mL)
on rat ileum (n = 6). The responses are expressed as the percentage
of initial contractions elicited by CaCl2. Differences were considered
statistically significant (P < 0.05) compared with the control.
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Figure 4. Effect of Acmella oleracea extract (1 mg/mL) on the KClinduced rat ileum contractions in the absence and in the presence
of L-NAME. Data is expressed as mean ± SEM of six experiments. *
indicates significant differences (P < 0.001) compared with the high K+
group.

activates L-type voltage-dependent Ca2+ channels, which
mediate Ca2+ influx to trigger a sustained contraction (16,
17). It has been suggested that blockers of Ca2+ influx can
inhibit high K+-induced smooth muscle contraction (18).
The current study demonstrated that AFE contains
quercetin and naringin 7.6 and 2.4 mg/g extract,
respectively. In addition, AFE-rich quercetin relaxed
ileal smooth muscle by blocking Ca2+ influx. Consistent
with these findings, a previous in vivo study showed that
quercetin had an effect on intestinal muscle relaxation
in high K+-induced rat intestinal contractions (19).
Moreover, quercetin showed an inhibitory effect on
the spontaneous contractions of rabbit duodenum (20)
and also inhibited intestinal contractions induced by
different concentrations of calcium, indicating a calciumantagonistic effect (21). Moreover, Polygonum aviculare
L.-rich quercetin inhibits L-type voltage-dependent Ca2+
channels, resulting in attenuation of airway smooth muscle
contraction (22). However, there are several studies that
have shown quercetin activates L-type calcium channels,
resulting in increased Ca2+ influx into cells (23, 24). Thus,
the effect of quercetin on L-type voltage-dependent Ca2+
channels may be different in each type of tissue.
Acetylcholine (Ach) is a gastrointestinal neurotransmitter
that increases intestinal muscle contraction by activating
M3 muscarinic receptors (25). Activation of the M3
receptor leads to the stimulation of Ca2+ influx into cells
by activating phospholipase C, inositol trisphosphate and
diacylglycerol (26, 27). In addition, Ach can also activate
Ca2+ channels, short transient receptor potential channel 3
and stromal interaction molecule (STIM)/Orai channels
(28, 29). Several studies have reported that spasmolytic
plants can be non-competitive antagonists of Ach in
duodenal or ileal smooth muscle (30-32).
This study clearly demonstrated the effect of AFE
on isolated rat ileum, as it markedly inhibited rat ileum
contractions similar to atropine and was a competitive
http://www.herbmedpharmacol.com

Figure 5. Effect of Acmella oleracea extract (1 mg/mL) on the KClinduced rat ileum contractions in the absence and in the presence of
acetylcholine (n = 6). Data is expressed as mean ± SEM. * indicates
significant differences (P < 0.001) compared with the high K+ group.

antagonist of Ach. The relaxant effect of AFE may be due
to its antagonistic effect on muscarinic receptors and/or
Ca2+ channels in ileal smooth muscle cells. Therefore, this
study suggests that there is a great potential for developing
AFE into a herbal medicine and/or a nutraceutical
product.
Conclusion
This study demonstrated, for the first time, AFE’s effective
spasmolytic property on isolated rat ileum by inhibiting
Ca2+ influx into intestinal smooth muscle. Thus, AFE has
great potential as a nutraceutical product/herbal medicine
for its overall antispasmodic action in gastrointestinal
disorders such as diarrhoea.
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