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Implication for health policy/practice/research/medical education:
This paper provides pharmacological evidence for spasmolytic actions of Lonicera japonica extracts on isolated uterus. Potent 
antispasmodic constituents lie within the chloroform fraction. Separation of active components may result in the identification 
of a suitable lead compound for preterm labor control.
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Introduction: Honeysuckle (Lonicera japonica) is an ornamental flowering plant with numerous 
traditional medicinal uses. It has been claimed to have anti-spasmodic activities, but only limited 
studies have been done to support this. The objective of this research was to investigate anti-spasmodic 
effect of L. japonica flower extract on uterus contractions. 
Methods: Hydroalcoholic extract was prepared using the maceration technique. In addition, 
chloroform and ethyl acetate fractions were prepared using a solvent in solvent fractionation 
technique. Essential oils were collected using the hydro-distillation technique. 
Rat isolated uterus was suspended in an organ bath and contracted with oxytocin, acetylcholine 
(ACh), KCl, or application of electrical field stimulation (EFS). The relaxant effects of the extract, 
its fractions, and nifedipine were examined on uterine contrition induced by the above-mentioned 
stimuli. 
Results: Nifedipine in a concentration-dependent manner inhibited uterine contraction induced by 
oxytocin, KCl, ACh, and EFS. L. japonica flower extract also exhibited an inhibitory effect on the 
isolated rat uterus. Comparison of the hydroalcoholic extract with its chloroform and ethyl acetate 
fractions showed that the chloroform fraction was the most potent and the ethyl acetate the weakest 
part of the plant with antispasmodic activity. The relaxant effect of essential oil had close similarities 
to that of chloroform extract. 
Conclusion: Lipophilic compounds isolated by the chloroform partition of crude hydroalcoholic 
extract of L. japonica flower exhibited the most antispasmodic activity. Ethyl acetate partition of 
the same extract exhibited the least activity. Therefore, it can be concluded that the spasmolytic 
constituents of L. japonica flower reside in chloroform partitioning. The nonpolar essential oils may 
also have a contribution. 
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A B S T R A C T

Introduction
Honeysuckles are herbaceous shrubs plants belonging 
to the Lonicera genus in the Caprifoliaceae family (1). 
Although honeysuckle is native to Korea, Japan and China, 
however, it is cultivated as a colorful, fragrant garden 
flower all over the world, including Iran (2,3). Among 
180 identified species of honeysuckle, L. caucasica, L. 
floribunda, L. iberica, L. nummulariifolia, and L. japonica 
are mostly found in Iran (3,4). Although honeysuckle has 
been introduced as an ornamental plant nevertheless, it 
is widely known as herbal medicine, especially in China 

(5). For instance, L. Japonica flowers have been used in 
feverish conditions for clearing heat from the body (6). 
The stem and branches are used to remove heat from the 
acupuncture meridians by stimulating the circulation of 
energy (6). They are also used to treat feverish colds and 
dysentery and as a cooling remedy in combination with 
other herbs for the acute stages of rheumatoid arthritis (6). 
L. periclymenum flowers are traditionally made into syrup, 
taken as an expectorant for bad coughs and asthma and as a 
diuretic (6). Other traditional applications of honeysuckle 
include antiviral and antibacterial activities, particularly 
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in cold and influenza (2). In Chinese traditional medicine, 
honeysuckle is one of the most important Chinese herbs 
for clearing heat and poisons from the body (2).

Phytochemical analysis reported the existence of 
tannins, flavonoids, mucilage, salicylic acid, and sugars 
in various species (2). Among 140 separated chemical 
constituents, most components belong to essential 
oil, organic acids, and polyphenols (2). Several active 
components have been isolated from this plant, including 
apigenin, luteolin, quercetin, chrysoeriol, hyperoside, 
lonicerin, rhoifolin, rutin, and chrysin which are thought 
to be responsible for pharmacological activities. Linalool, 
farnesole, cholorogenic acid, isochlorogenic acid, caffeic 
acid, hexadecanoic acid, and myristic acid are the most 
abundant organic acids found in the essential oil (2). 
Other identified constituents include glycosides such 
as centauroside, swerosid, loganin and saponins such as 
macranthoside, loniceroside, and dipsacoside (2).

Preclinical biological studies of L. japonica extracts 
have confirmed several pharmacological activities with 
therapeutical potentials, including antimicrobial activities 
(5). Aqueous and ethanolic extracts of the plant have been 
reported to have anti-inflammatory action in various 
animal models (7,8). Some of the plant constituents have 
antioxidant activities (9). An aqueous extract containing 
chlorogenic acid has shown to have protective effect 
against hepatic toxicity of alcohol in an animal model 
(10). Other reported pharmacological activities include 
immunomodulatory properties (11,12), anti-tumor action 
(13), anti-hyperglycemic, anti-hyperlipidemic (14,15), 
anti-aggregatory (16), and neuroprotective properties, 
which may have therapeutic values in Alzheimer and 
Parkinson’s diseases (17,18). 

Honeysuckle has traditionally been used for asthma, 
urinary complaints, and in childbirth. It is believed 
that it has antispasmodic activities on smooth muscles, 
which improve gastrointestinal spasmodic pain and 
inflammation (2,6). Modern experimental investigations 
confirm antispasmodic activity of L. japonica extract 
on rabbit ileum contractions (19,20). Although many 
research works have been reported about L. japonica 
species, however, less attention has been paid to its 
antispasmodic potential. So far there is no report about 
the effect of L. japonica on uterus smooth muscle, while it 
has been said that L. japonica has an effect on childbirth 
(6). Therefore, the objective of this research was to 
evaluate the pharmacological actions of L. japonica extract 
on isolated uterus contractions. 

Methods and Materials 
Drugs and solutions
Hydroalcoholic, chloroform, ethyl acetate extracts, and 
essential oil were prepared from honeysuckle flowers 
as described below. For pharmacological studies, 
hydroalcoholic, chloroform, ethyl acetate extracts, and 

essential oil were prepared as 80 mg/mL stock solution in 
dimethyl-sulfoxide (DMSO). Nifedipine was made up in 
DMSO as 1 mg/mL stock solution. Further dilution was 
made in distilled water. KCl was made up in distilled water 
as 2M stock solution. Acetylcholine (ACh) was made up 
in distilled water as 100mM stock solution; further serial 
dilution was made as appropriate. Oxytocin ampule 
(Caspian, Iran) was diluted by distilled water as 0.1 IU/mL 
stock solution. Further dilutions were made in distilled 
water. Tyrode’s physiological solution was prepared in 
distilled water as follow: NaCl (137mM), KCl (2.7mM), 
CaCl2 (1.8mM), NaHCO3 (11.9mM), MgCl2 (1.05mM), 
NaH2PO4 (0.42mM), and glucose (5.6mM). Nifedipine 
and ACh were from Sigma, and other compounds were 
from Merck (China). Estradiol valerate ampoule was from 
Aburaihan Pharmaceutical Company (Iran). 

Extracts preparation 
Honeysuckle flowers were collected from a garden in 
the Isfahan University campus in the Spring of 2020 and 
identified as L. japonica by the Botanist Dr Ali Bagheri at 
Biology Department of Isfahan University (Iran). Flowers 
were dried in shadow with access to fresh air. Dried flowers 
were pulverized into a fine powder using an electrical mill 
(Keep, Korea). The hydroalcoholic extract was obtained 
using the maceration procedure (21). In this method, the 
powder was moist with 70% ethanol for two hours before 
it was soaked into ethanol (1 to 8 ratio) for 3 days. The 
extract was separated and the process repeated again 
until eluent color faded away. The collected extract was 
evaporated using a rotary apparatus (Heidolph, Germany) 
at 40°C with 90 revolution per minute and the yield of dry 
extract was calculated. 

Further extraction was performed on 50 g hydroalcoholic 
extract using an equal volume of chloroform and water 
mixture in 1 L decanter. After 20 minutes vigorous 
shaking, the solvents were allowed to settle down, and the 
lower chloroform phase was decanted. Another 500 mL 
chloroform was added to the vessels and the procedure 
repeated two more times. The collected chloroform 
fraction was left under the hood for evaporation of 
chloroform. The remaining aqueous solution was then 
mixed with an equal volume of ethyl acetate. Agitation 
continued as before and the lower ethyl acetate partition 
was eluted. This process was repeated three times by 
adding further 500 mL fresh ethyl acetate into the 
aqueous solution. The collected ethyl acetate fraction was 
concentrated at 30°C in the rotary. For the preparation 
of essential oil, 250 g grind honeysuckle flowers were 
immersed in 2.5 L distilled water in Soxhlet extractor and 
heated to reflux (22). 

Pharmacological procedures
Antispasmodic actions of honeysuckle extracts were 
examined on non-pregnant rat isolated uterus. Wistar 
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female rats (180-220 g), purchased from the School of 
Pharmacy and Pharmaceutical Sciences animal house, 
were treated with a single intraperitoneal (IP) injection of 
estradiol (100 µg/kg). This rat remained in a separate cage 
in the animal house with full access to food and water. The 
next day the rat was killed by carbon dioxide asphyxiation, 
and the abdominal cavity was wide opened. Uterine horns 
were identified, carefully dissected out, and placed in 
oxygenated Tyrode’s solution at room temperature. The 
tissue was trimmed off the adhering adipose tissues and 
cut into two sections. Both tip edges of the tissue were 
ligated with two separate cotton threads. One end of the 
tissue was secured into a hook and placed in an organ 
bath filled with Tyrode’s solution at 37C and continuously 
gassed with oxygen. The other thread tail was attached 
to Harvard isotonic transducer lever under 1 g tension. 
The transducer was attached to the Harvard Universal 
Oscillograph pen recorder apparatus for recording tissue 
contractions. 

Initially the tissue was washed with Tyrode’s solution 
and allowed to relax for at least 20 minutes. Tissues 
suspended in the organ bath were contracted by either 
addition of spasmogens or neuronal electrical stimulation. 
Spasmogens were directly added into the organ bath to 
give rise to a final bath concentration of 0.001 IU/mL 
for oxytocin, 1 µM for ACh, and 80 mM for KCl. For 
neuronal stimulation of tissue, electrical field stimulation 
(EFS) manner was adapted. A designed stimulator applied 
direct square pulses via a pair of platinum wires placed 
alongside of the tissue using 6 V output, 50 Hz frequency 
and 1 second stimulation duration. EFS was applied at 
10 minutes intervals until reproducible responses were 
recorded. The first concentration of the extract was 
added and EFS response was evaluated 10 minutes later. 
This procedure was repeated with two folds increment 
in the extract concentration for the construction of the 
concentration-response curve using the non-cumulative 
approach. The effects of the extract on oxytocin and 
ACh responses were also examined in a non-cumulative 
manner. Oxytocin and ACh were 5 minutes and 30 seconds 
in contract with the tissue, respectively. Tissue washing 
was performed with emptying the bath and refilling with 
fresh Tyrode’s solution. In the case of KCl, a cumulative 
approach was used. In this case, after the establishment 
of KCl contraction, the successive concentrations of the 
extract were added into the organ bath without washing 
at 10 minutes intervals. The effects of the standard 
drug (nifedipine) and the extract vehicle (DMSO) were 
examined in a similar manner.

Data analysis
Effect of honeysuckle extracts were examined on six 
different tissues after establishing effective concentration 
ranges. The recorded uterus contraction was analyzed by 
measuring contraction amplitude from the settled baseline 

and expressed as a percentage of contraction recorded 
prior to addition of the extracts. Data were presented 
as mean ± standard error of mean (SEM) and plotted as 
semilogarithmic concentration-response curve. When 
appropriate, inhibitory concentration causing 50% of the 
maximum response (IC50) was calculated. For statistical 
analysis, one-way analysis of variance (ANOVA) was used 
for intragroup comparison, and Student’s t test was used 
for comparing intergroup differences. P value less than 
0.05 was considered statistically significant. SigmaPlot 
computer program (version 11) was used for statistical 
analysis and plotting the graphs. 

Results
The yield of hydroalcoholic extract was calculated as 40% 
of the dried flower (W/W). The yield of chloroform and 
ethyl acetate fractions were 2% and 3.4%, respectively. The 
yield of the essential oil was 0.09%. 

Rat uterus primed with estradiol produced irregular 
spontaneous rhythmic contractions when suspended in 
the organ bath under 1 g tension. The addition of oxytocin 
(0.001 IU/mL) augmented uterus rhythmic contractions. 
Following washing the tissue, the uterine contraction 
was diminished to the original baseline. Nifedipine in a 
concentration-dependent manner inhibited oxytocin 
induced response (Figure 1). The addition of KCl (80mM) 
into the bath, on the other hand, produced a sustained 
contraction of the uterus, which was maintained during 
the course of the experiment. Nifedipine concentration-
dependently reduced KCl tonic response (Figure 1). The 
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Figure 1. The relaxant effect of nifedipine on contractions induced by 
KCl and oxytocin on isolated rat uterus. The experiment was conducted 
with parallel time-matched control tissue receiving an equal volume of 
vehicle (DMSO). Uterus contractions are expressed as a percentage of 
initial tissue response prior to the addition of nifedipine. The results are 
presented as mean ± SEM for each group of data (n=6) and compared for 
statistical difference with their corresponding point in the time-matched 
vehicle-treated group (Student’s t-test, *P<0.05, ***P<0.001). There was 
no statistically significant change in the vehicle-treated control groups 
over the course of studies (ANOVA).  
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addition of ACh (1µM) into the tissue bath caused a 
sharp spike contraction within the contract time and then 
returned to the baseline after the washing. This phasic 
ACh response was suppressed by nifedipine (Figure 2). 
The application of single pulse of EFS induced a rapid 
contraction which returned to the base baseline without 
washing the tissue. Similar to ACh, the EFS contractile 
response of the isolated rat uterus was diminished in the 
presence of nifedipine (Figure 2). 

The addition of hydroalcoholic extract of L. japonica 
neither induced spasmogenic activity on rat isolated 
tissue suspended in the tissue bath nor potentiated uterine 
contractile responses to oxytocin, ACh, KCl, or EFS. On 
the contrary, L. japonica hydroalcoholic extract had an 
explicit inhibitory effect on isolated uterus contractions. 
The relaxant effect on oxytocin response was observed 
with 200 µg/mL concentration and reduced to about 50% 
with 3.2 mg/mL extract in the bath (Figure 3). Chloroform 
fraction separated from the hydroalcoholic extract of L. 
japonica had profound inhibitory effect on uterus smooth 
muscle. The inhibitory effect was started with 50 µg/mL 
chloroform extract in the bath and complete inhibition 
was achieved with 1.6 mg/mL bath concentration (Figure 
3). Ethyl acetate fraction, differentiated from remaining 
aqueous extract, only exhibited a tiny inhibitory response 
at its highest used concentration compared to the DMSO 
treated control groups (Figure 3). Further increase in 
concentration was unattainable because DMSO inhibitory 
action became prominent. 

Chloroform fraction of L. japonica extract, in a 
concentration-dependent manner, inhibited phasic 
contractile responses to ACh (1µM). Significant reduction 

in ACh response was seen with 200µM bath concentration, 
and with 1.6 mg/mL bath concentration, the total 
relaxation was accomplished (Figure 4). Hydroalcoholic 
extract of L. japonica had less potent inhibitory effect 
on rat uterus and with bath concentration of 3.2 mg/mL 
still, 36% of the initial response to ACh remained (Figure 
4). There were no significant differences between ethyl 
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Figure 2. The relaxant effect of nifedipine on contractions induced by 
acetylcholine (ACh) and electrical field stimulation (EFS) on isolated rat 
uterus. The experiment was conducted with parallel time-matched control 
tissue receiving equal volume of vehicle (DMSO). Uterus contractions 
are expressed as a percentage of initial tissue response prior to the 
addition of nifedipine. The results are presented as mean±SEM for each 
group of data (n=6) and compared for statistical difference with their 
corresponding point in the time-matched vehicle-treated group (Student’s 
t-test, *P<0.05, ***P<0.001). There was no statistically significant change 
in the vehicle-treated control groups over the course of studies (ANOVA).   

Figure 4. The relaxant effect of hydroalcoholic extract and its chloroform 
and ethyl acetate fractions of L. japonica on contractions induced by 
acetylcholine (ACh) on isolated rat uterus. Experiments were conducted 
with parallel time-matched control tissue receiving an equal volume of 
vehicle (DMSO). Uterus contractions expressed as a percentage of initial 
uterine response prior to the addition of the extracts. The results are 
presented as mean±SEM for each group of data (n=6) and compared for 
statistical difference with their corresponding point in the time-matched 
vehicle-treated group (Student’s t-test, *P<0.05, ***P<0.001). There was 
no statistically significant change in the vehicle-treated control groups 
over the course of studies (ANOVA).   

Figure 3. The relaxant effect of hydroalcoholic extract and its chloroform 
and ethyl acetate fractions of L. japonica on contractions induced by 
oxytocin on isolated rat uterus. Experiments were conducted with parallel 
time-matched control tissue receiving equal volume of vehicle (DMSO). 
Uterus contractions are expressed as a percentage of initial uterine 
response prior to the addition of the extracts. The results are presented 
as mean ± SEM for each group of data (n=6) and compared for statistical 
difference with their corresponding point in the time-matched vehicle-
treated group (Student’s t-test, *P<0.05, ***P<0.001). There was no 
statistically significant change in the vehicle-treated control groups over 
the course of studies (ANOVA).   
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acetate extract and DMSO treated control group on ACh 
induce contraction (Figure 4). Further increase in the 
extract concentration proved to be infeasible because 
DMSO action became dominant. 

Chloroform fraction of L. japonica extract had a 
profound inhibitory action on uterus smooth muscle 
response to EFS. Significant attenuation of EFS response 
was obtained with 50 µg/mL chloroform extract in the 
bath and total relaxation was seen with 800 µg/mL bath 
concentration (Figure 5). Hydroalcoholic extract of L. 
japonica also inhibited EFS response but with higher bath 
concentration. With the highest used concentration (3.2 
mg/mL), EFS response was reduced by just 66% (Figure 
5), although part of hydroalcoholic extract action could 
be due to inhibitory effect of DMSO (see Figure 5). There 
was no significant effect between ethyl acetate and DMSO 
treated group response to EFS (Figure 5). 

Hydroalcoholic extract of L. japonica concentration-
dependently inhibited tonic contractile response induced 
by KCl (80mM). Chloroform fraction of the extract had 
a similar action, however, at a much lower concentration 
(Figure 6). With a bath concentration of 1.6 mg/mL, the 
chloroform extract abolished the KCl tonic response while 
hydroalcoholic extract attenuated the response just by 
37% at a similar concentration (Figure 6). There was no 
significant difference between the ethyl acetate fraction 
and DMSO treated tissues (Figure 6). 

Essential oil of L. japonica concentration-dependently 
attenuated both tonic and phasic contractions of rat uterus 

Figure 5. The relaxant effect of hydroalcoholic extract and its chloroform 
and ethyl acetate fractions of L. japonica on contractions induced by 
electrical filed stimulation (EFS) on isolated rat uterus. Experiments 
were conducted with parallel time-matched control tissue receiving an 
equal volume of vehicle (DMSO). Uterus contractions are expressed as a 
percentage of initial uterine response prior to the addition of the extracts. 
The results are presented as mean±SEM for each group of data (n=6) 
and compared for statistical difference with their corresponding point 
in the time-matched vehicle-treated group (Student’s t-test, *P<0.05, 
**P<0.01, ***P<0.001). The differences in the mean value among the 
vehicle-treated control group was greater than those would be by chance 
over the course of studies (ANOVA, P<0.001).

Figure 6. The relaxant effect of hydroalcoholic extract and its chloroform 
and ethyl acetate fractions of L. japonica on contractions induced by 
KCl (80mM) on isolated rat uterus. Experiments were conducted with 
parallel time-matched control tissue receiving an equal volume of vehicle 
(DMSO). Uterus contractions are expressed as the percentage of initial 
uterine response prior to the addition of the extracts. The results are 
presented as mean±SEM for each group of data (n=6) and compared for 
statistical difference with their corresponding point in the time-matched 
vehicle-treated group (Student’s t-test, *P<0.05, ***P<0.001). The 
differences in the mean value among the vehicle-treated control group 
was greater than those would be by chance over the course of studies 
(ANOVA, P<0.001).

Figure 7. The relaxant effect of essential oil of L. japonica on contractions 
induced by KCl and acetylcholine (ACh) on isolated rat uterus. 
Experiments were conducted with parallel time-matched control tissue 
receiving an equal volume of vehicle (DMSO). Uterus contractions 
are expressed as a percentage of initial uterine response prior to the 
addition of the extracts. The results are presented as mean±SEM for 
each group of data (n=6) and compared for statistical difference with their 
corresponding point in the time-matched vehicle-treated group (Student’s 
t-test, **P<0.01, ***P<0.001). There was no statistically significant change 
in the vehicle-treated control groups over the course of studies (ANOVA).  
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induced by KCl and ACh, respectively (Figure 7). Total 
abolishment of the contractions was achieved with bath 
concentrations of 1.6 mg/mL and 3.2 mg/mL for KCl and 
ACh, respectively. The inhibitory concentration causing 
50% of maximum response (IC50) of the essential oil is 
compared with various extract fractions in Table 1. 
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Discussion 
For many years herbal plants have played a crucial role 
in the treatment of ailments (23). However, they rarely 
have been given specific indications and are generally 
suggested to be useful for several unrelated diseases (23). 
This could be because herbal plants contain vast diversity 
of phytochemical compounds with different biological 
activities. Usually a combination of chromatographic and 
purification methods are used for isolation, purification, 
and identification of plant constituents (21). Although 
phytochemical screening assay is an important tool for 
identifying general structure, it gives no indication about 
the intrinsic bioactivity of the isolated compounds. A more 
rapid and feasible screening approach is the implication 
of the bioactivity-guided fractionation technique (21). 
In this way, proper actions can be taken to assure that 
potential active constituents are not missed.

Extraction and fractionation are regarded as the 
crucial first step in the analysis of medicinal plants (21). 
Maceration is a conventional method, involved soaking 
plant material in a hydroalcoholic solvent for a period 
of time (21). The hydroalcoholic extract of L. japonica 
prepared in this way, inhibited rat isolated uterus 
contraction induced by KCl, ACh, EFS, and oxytocin, 
confirming the existence of active constituents with 
antispasmodic properties. Bioactive compounds in the 
hydroalcoholic extract of L. japonica consist of multi-
component mixtures (2). Nevertheless, the nature of the 
bioactive components is unknown. Therefore, the extract 
prepared by conventional method was fractionated by the 
relative solubility in two different immiscible liquids in 
order to further concentrate biologically active compound. 
Thus, for the defined bioactivity testing, the extract was 
solubilized in chloroform and water mixtures. In this way, 
compounds are separated base on their polarity differences. 
In this procedure, the lipophilic compounds were mainly 
partitioned into the chloroform phase while hydrophilic 
compound remained in the aqueous solution. Chloroform 
fraction of L. japonica in a concentration-dependent 
manner inhibited rat isolated uterus contractions 
induced by KCl, ACh, EFS, and oxytocin but at much 
lower concentrations. Examination of antispasmodic 
activity of the chloroform fraction proved that most of 
the spasmolytic bioactive components are dissolved in the 
chloroform phase. For instance, the chloroform fraction 

was 2.3, 4, 11 and 6.2 times more potent than the original 
hydroalcoholic extract in inhibiting KCl, ACh, EFS, and 
oxytocin responses, respectively (Table 1). Essential 
oils are non-polar lipophilic substances that could be 
responsible for the observed relaxant effect. Therefore, 
the inhibitory effect of the essential oil prepared by the 
Soxhlet method from plant powder materials was also 
examined on uterus contractions. The method of Soxhlet 
extraction is a conventional technique, which gives a high 
essential oil yield from plant materials (22). The essential 
oil of L. japonica in a concentration-dependent manner 
inhibited uterus contractions induced by KCl and ACh. 

In comparison with the chloroform fraction, the essential 
oil was two times more potent in respect to inhibition of 
KCl response (Table 1). However, the essential oil was 
less potent than the chloroform fraction for inhibiting 
ACh contractile response in isolated rat uterus (Table 1). 
Although the essential oils are non-polar substances, they 
only could have a minor contribution to the inhibitory 
effect of the chloroform fraction. Because, first of all, 
the essential oils were very volatile and could have been 
evaporated during rotary process. Secondly, essential 
oils only accounts for very small percentage of plant 
constituents. Therefore, it is likely that in addition to the 
essential oil, other components with potent antispasmodic 
potential existed in the chloroform fractions, which 
would have been participated in the inhibitory effect of 
the chloroform fraction. Thus, it is recommended that 
chloroform fraction constituents be separated by column 
chromatography and screen for their antispasmodic 
activities. 

Further liquid-liquid extractions were continued with 
ethyl acetate. The extraction was performed against water. 
Ethyl acetate has a medium polarity, which enables it to 
extract semi-polar compounds. Thus, it can extract a 
significant portion of the polyphenols from the aqueous 
solution. This partitioning solution removes less polar 
compounds including non-glycosylated flavonoid (24). 
Ethyl acetate fractionation is a common method used for 
separation of polyphenols based compounds (24). 

Anti-spasmodic activity of ethyl acetate fraction was 
then determined on rat isolated uterus contractions. 
However, it turns out that the polyphenol rich-fraction 
had weak anti-spasmodic activity. Flavonoids are 
polyphenols compounds, some of which are known to 

Table 1. Inhibitory concentration of L. Japonica fractions causing 50% of maximum response (IC50) in rat isolated uterus 

Treatment KCl Oxytocin ACh EFS

Nifedipine 22±3.3 ng/mL 325±97.7 ng/mL 130±54 ng/mL 205±143 ng/mL
Hydroalcoholic extract 1.8 ±0 mg/mL 3.1±0.15 mg/mL 2.2±0.2 mg/mL 1.85±0.4 mg/mL

Chloroform extract 766±59 µg/mL 500±76 µg/mL 551±26 µg/mL 163±13 µg/mL
Essential oil 391±63 µg/mL - 704±23 µg/mL -

The results are presented as mean ± SEM for each group of data (n=6).  KCl (80 mM), oxytocin (0.001 IU/mL), ACh (acetylcholine, 1µM), EFS (electrical 
filed stimulation, 50 Hz, 1S duration, 6 V output).
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have substantial spasmolytic activity (25). Flavonoids 
mainly exist in glycoside form in the plant, which lacks 
antispasmodic activity in vitro (25). Therefore, it might 
be that the amount of aglycone form of flavonoid was not 
enough since the glycoside form remains in the aqueous 
solution. 

Consumption of traditional medicinal plant, which is 
believed to have antispasmoic activity, may affect normal 
uterine contractions. However, in the process of drug 
design and development, the effects of drugs on uterus 
contractile activity are not routinely investigated. In this 
research, rat uterus contraction was induced in four 
different ways in order to make wider comparison of the 
relaxant activity. Uterus smooth muscle is more sensitive to 
spasmogens during pregnancy and the estrus phase when 
the uterus is primed with estrogens (26,27). Pretreatment 
with estradiol synchronizes the rat uterus as they are in 
the estrus phase and potentiates spontaneous activity, as 
seen in all the experiments. Oxytocin is a nonapeptide 
that selectively contracts the uterine smooth muscle. The 
high sensitivity of the tissue to oxytocin is seen in the 
appropriate hormonal environment. Estrogen induces 
oxytocin receptor synthesis and consequently increases 
the sensitivity to oxytocin. The physiological function of 
oxytocin is to augment uterus rhythmic contractions by 
direct stimulation of phasic uterine contractions. By acting 
through oxytocin receptors, oxytocin causes the release 
of Ca2+ from intracellular stores and indirectly activates 
voltage activated Ca2+ channels (28). An increase in cytosols 
Ca2+ ions triggers uterus smooth muscle contractions 
(28). ACh is a natural neurotransmitter directly acting 
on the smooth muscle muscarinic receptors and induces 
contraction by releasing Ca2+ ion from the intracellular 
stores (29). EFS depolarizes neurons embedded in the 
uterus wall and causes the release of neurotransmitters, 
including ACh (27,30). Extracellular high concentration 
of KCl directly depolarizes the uterus smooth muscle 
and thereby actives voltage activated Ca2+ channels (31). 
Similarities between the relaxant effect of nifedipine and 
L. japonica extract indicate that the relaxant effect of 
active constituents of the extract is somehow affecting 
cytosol Ca2+ ions enhancement during tissue stimulation. 
The amount of constituents with antispasmodic activity in 
the ethyl acetate fraction is so small to produce substantial 
relaxation of the uterine activity. 

Conclusion
Although plant materials are regarded as an important 
source for drug screening, blind separation and 
identification of a phytochemical substance are proved 
to be expensive and time-consuming. In this study, 
a bioactivity-based approach was applied to validate 
antispasmodic activity of L. japonica extract. Chloroform 
and ethyl acetate fractions were prepared using classical 
liquid–liquid extraction. Comparison of spasmolytic 

activity revealed that most active constituents have non-
polar properties. 
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