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Natural products with antispasmodic activity have been used in traditional medicine to alleviate different illnesses since the remote
past. We searched the literature and compiled the antispasmodic activity of 248 natural compounds isolated from terrestrial plants.
In this review, we summarized all the natural products reported with antispasmodic activity until the end of 2017. We also provided
chemical information about their extraction as well as the model used to test their activities. Results showed that members of
the Lamiaceae and Asteraceae families had the highest number of isolated compounds with antispasmodic activity. Moreover,
monoterpenoids, flavonoids, triterpenes, and alkaloids were the chemical groups with the highest number of antispasmodic
compounds. Lastly, a structural comparison of natural versus synthetic compounds was discussed.

1. Introduction

Antispasmodic compounds are currently used to reduce anx-
iety, emotional and musculoskeletal tension, and irritability.
Althoughmost of the available antispasmodic compounds are
synthetic or semisynthetic, traditional uses of this group of
compounds are still popular.

We collected information about natural compounds with
antispasmodic activity isolated from terrestrial plants. We
searched the databases of Google Scholar, PubMed, and Sci-
Finder and compiled the information about 248 compounds
published until December 2017. This review focuses on the
antispasmodic activity of isolated compounds and activities
from extracts without further purification are not discussed.

2. The Neurons

Nerve cells or neurons are responsible for receiving, con-
ducting, and transmitting signals. A neuron consists of a

nucleated body, a long thin extension called an axon, and sev-
eral dendrites or prolongations extended from the cell body.
Axons conduct signals from the nucleated body towards
distant targets, while dendrites provide an enlarged surface
area to receive signals from the axons of other neurons.

Signal transmission through axons is driven by a change
in the electrical potential across the plasma membrane
of neurons. This plasma membrane contains voltage-gated
cation channels, which are responsible for generation of
action potentials. An action potential is triggered by a depo-
larization of the plasmamembrane or a shift to a less negative
value.

In nerve and skeletal muscle cells, a stimulus can cause
sufficient depolarization to open voltage-gated Na+ channels
allowing the entrance of Na+ into the cell. This influx of
Na+ depolarizes the membrane further causing the opening
of more Na+ channels. To avoid a permanent influx, Na+
channels are able to reclose rapidly even when the membrane
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is still depolarized. This function is based on the presence
of voltage-gated K+ channels, which are responsible for K+
efflux equilibrating the membrane potential even before the
total inactivation of Na+ channels. In some cases, the action
potential in some muscles depends on voltage-gated Ca2+
channels.

2.1. Transmission of Signals. The transmission of signals
occurs mainly between neurons or from neurons to skeletal
muscles, which are the final acceptors of electrical signals,
causing a muscular contraction.

2.1.1. Signal Transmission between Neurons. Neuronal sig-
nals are transmitted between neurons at specialized sites
of contact known as synapses. Neurons are separated by a
synaptic cleft where a release of a neurotransmitter occurs.
This neurotransmitter is stored in vesicles and is released by
exocytosis. Upon triggering, the neurotransmitter is released
into the cleft provoking an electrical change in the postsy-
naptic cell by binding to the transmitter-gated ion channels.
To avoid a continuous electrical change and to ensure both
spatial and temporal precision of signal transmission, the
neurotransmitter is rapidly removed from the cleft either by
specific enzymes in the synaptic cleft or by reuptake mediated
by neurotransmitter carrier proteins [1].

Neurotransmitters can also open cation channels causing
an influx of Na+ and then called excitatory neurotransmitters
(e.g., acetylcholine, glutamate, and serotonin) or produce
an opening of Cl− channels and then inhibiting the signal
transmission by maintaining the postsynaptic membrane
polarization [e.g., 𝛾-aminobutyric acid (GABA) and glycine].

2.1.2. Neuromuscular Signal Transmission. The transmission
of electrical signals to muscles involves five sequential and
orchestrated steps: (i) nerve electric signal reaches the nerve
terminal, (ii) it depolarizes the plasma membrane of the
terminal, (iii) voltage-gated Ca2+ channels opens causing an
increase in Ca2+ concentration in the neuron cytosol, and
(iv) release of acetylcholine into the synaptic cleft is triggered.
Acetylcholine binds to acetylcholine receptors in the muscle
plasma membrane opening Na+ channels and provoking a
membrane depolarization. This depolarization enhances the
opening of more Na+ channels causing a self-propagating
depolarization. The generalized depolarization of the muscle
plasma membrane activates Ca2+ channels in specialized
regions on the membrane causing Ca2+ release from the
sarcoplasmic reticulum (Ca2+ storage) into the cytosol.

As a consequence of an increase in the Ca2+ concentra-
tion, myofibrils in the muscle cell contract. The increase of
Ca2+ in the cytosol is transient because Ca2+ is rapidly
pumped back into the sarcoplasmic reticulum causing a
relaxation of the myofibrils. This process is very fast and Ca2+
concentration at resting levels is restored within 30 millisec-
onds [2].

3. Receptors

The autonomic nerve system controls and monitors the
internal environment of the body. The input of its activity is

provided by neurons that are associated with specific sensory
receptors located in the blood vessels, muscles, and visceral
organs (Table 1). According to the neurotransmitter secreted,
these neurons are classified as adrenergic or cholinergic.
The adrenergic neurons secrete the neurotransmitter nora-
drenalin termed also norepinephrine. Adrenergic receptors
include the types 𝛼 and 𝛽, which are further categorized as
𝛼1, 𝛼2, 𝛽1, 𝛽2, and 𝛽3. On the other hand, cholinergic neurons
secrete acetylcholine, which induces a postsynaptic event.
There are two types of cholinergic receptors, the nicotinic
receptor (abundant at the neuromuscular junction) and
the muscarinic receptor (abundant on smooth and cardiac
muscles and glands).

There are several agonists (neurotransmitters, hormones,
and others) able to bind to specific receptors and activate the
contraction of smooth muscle. Upon binding the agonist to
the receptor, the mechanism of contraction is based on an
increase of phospholipase C. This enzyme hydrolyzes phos-
phatidylinositol 4,5-bisphosphate located on the membrane,
producing two powerful secondary messengers termed dia-
cylglycerol (DG) and inositol 1,4,5 triphosphate (IP3). IP3
binds to specific receptors in the sarcoplasmic reticulum,
causing release of Ca2+ within the muscle. DG together with
Ca2+ activates the protein kinase C (PKC), which phospho-
rylates specific proteins. In most smooth muscles, the con-
traction process commences when PKC phosphorylates Ca2+
channels or other proteins that regulate the cyclic process.
For instance, Ca2+ binds to calmodulin (a multifunctional
intermediate calcium-binding messenger protein), triggering
the activation of the myosin light chain (MLC) kinase, which
phosphorylates the light chain of myosin and together with
actin carries out the process of initiating the shortening
of the smooth muscle cell [147]. However, the elevation of
the intracellular concentration of Ca2+ is transient, and the
contractile response ismaintained by amechanism sensitized
by Ca2+ modulated by the inhibition of myosin phosphatase
activity by Rho kinase. This mechanism sensitized to Ca2+ is
initiated at the same time that phospholipase C is activated
and involves the activation of the small RhoA protein bound
to guanosine triphosphate (GTP). Above activation, RhoA
increases the activity of Rho kinase, leading to the inhibition
of myosin phosphatase. This promotes the contractile state,
since the myosin light chain cannot be dephosphorylated
[147].

Relaxation of smooth muscle occurs as a result of either
removing the contractile stimuli or by the direct action of
a substance that stimulates the inhibition of the contractile
mechanism. In any circumstance, the relaxation process
requires a decrease in the intracellular Ca2+ concentration
and an increase in the activity of the MLC phosphatase. The
sarcoplasmic reticulum and plasma membrane remove Ca2+
from the cytosol. Na+/Ca2+ channels are located on the
plasma membrane and help to reduce the intracellular con-
centration of Ca2+. During relaxation, other contributors that
restrict the Ca2+ entry into the cell are the voltage-operated
channels and Ca2+ receptors in the plasma membrane, which
remain closed [147].
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Table 1: Receptors targeted by neurotransmitters in the body.
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Table 1: Continued.

Receptor Targeted by

Enkephalin

HO

NH
NH

NH
NH

O

O

O

O

OH

O

NH2

Endorphin

NH2

HO
NH

NH
NH

NH
O

O

O

O

O

NH
NH NH

N

O

O

O NHO

HN

NH OH

HO

O

NH2

NH2

NH2

Endomorphin

HO

O

N

NH

O

NH

O

O

2

NH

NH

NH

2

Nociceptin

NH2

NH

O
NH

NH

O

O
NH

NH2

O
O

NH
OH

O

O
NH2

O
NHNH

O

NH
O

NH

OH

NH
NH2

O NH

NH2

O
NH

NH

NH2

NH
O

NH

O

NH
O

NH

OH

ONH

O NH

ONH
O

NH2



BioMed Research International 5

4. Spasmodic Compounds

The historical antecedents date from the year 1504 when
South American natives inhabiting the basins of the high
Amazon and the Orinoco prepared a mixture of alkaloids
termed curare.This substance was placed in the tips of arrows
in order to hunt (prey paralyzing) and fight in wars. Curare
produces muscle weakness, paralysis, respiratory failure, and
death [148]. In 1800, Alexander von Humboldt, identified
that curare was made from the extracts of the species
Chondrodendron tomentosum and Strychnos toxifera.

In 1935, the French physiologist Claude Bernardmanaged
to isolate the alkaloid d-tubocurarine from the curare [149];
and one year later, it was elucidated that this compound had
the ability to inhibit acetylcholine, blocking the transmission
of nerve impulses to the muscles [150]. Lastly, new benzyliso-
quinoline alkaloids were isolated from curare by Galeffi et al.
in 1977 [151, 152].

In 1822, the pharmacist Rudolph Brandes obtained an
impure alkaloid from Atropa belladonna (Solanaceae), which
after purification was named atropine. Interestingly, atropine
was not produced as a natural compound from the plant and
it was a derivative generated from the alkaloid hyoscyamine
during the process of purification [153]. It is important to note
that atropine has been naturally found in small quantities
in other members of the Solanaceae family such as Datura
stramonium, Duboisia myoporoides, and Scopolia japonica
[154–156].

The use of the plant Papaver somniferum (opium poppy)
(Papaveraceae) dates back to about 4000 BC. At present the
plant is only used to extract a base material for the manufac-
ture of other alkaloids, such as noscapine and codeine, both
discovered by the French pharmacist Pierre-Jean Robiquet
in 1831 and 1832, respectively [157]. In 1848, papaverine was
another substance extracted from the same plant by the
German chemist Georg Merck [158], which is rarely used
today because of the high doses needed (approximately 6 to
12 mg). However, it is still used as a control in experimental
models with the purpose of studying antispasmodic activity
of plant extracts.

In the 20th century, extracts and powders derived from
A. belladonna were widely used as antispasmodics, but from
the 1950s these preparations were displaced by synthetic and
semisynthetic anticholinergic compounds in order to obtain a
better response [159], such as the case of methocarbamol and
guaifenesin. On the other hand, a series of compounds such
as dantrolene, glutethimide, methaqualone, chlormezanone,
metiprilone, and ethchlorvynol were introduced to replace
the meprobamate, which had to be withdrawn from the
market in 1960 due to problems resulting from use such as
abstinence, addictions, and overdoses.

In 1962, the Swiss chemist Heinrich Keberle synthesized
baclofen, which can be obtained by reacting glutarimide with
an alkaline solution [160]. Glutarimide can also be found
in plants such as Croton cuneatus and C. membranaceus
(Euphorbiaceae) [161, 162].

The arrival of the quaternary compounds of nitro-
gen reinforce their peripheral anticholinergic activity offer-
ing also the advantages of being poorly absorbed in the

gastrointestinal tract, producing a more powerful and longer
lasting sedative effect unlike atropine [1]. For example, ipra-
tropium bromide was developed by the German company
Boehringer Ingelheim in 1976 and used to treat asthma. This
compound was obtained by reacting atropine with isopropyl
bromide [163]. Another quaternary compound was the n-
butylhyoscine bromide, which is possible to obtain by the
organic synthesis of scopolamine and the cimetropium bro-
mide found in the A. belladonna [164]. Although at present
the preparations of plant mixtures are no longer used for
therapeutic purposes, these compounds formed a part of
and served as the basis for modern pharmacology for their
applicability as antispasmodics and anesthetics.

Spasms are involuntary contractions of the muscles,
which are normally accompanied by pain and interfere with
the free and effective muscular voluntary activity. Muscle
spasm can originate from multiple medical conditions and
is often associated with spinal injury, multiple sclerosis, and
stroke.

Spasticity and rigidity are caused by a disinhibition of
spinal motor mechanisms. There are several scenarios where
a muscle can produce a spasm: (i) unstable depolarization
of motor axons; (ii) muscular contractions persist even if
the innervation of muscle is normal and despite attempts of
relaxation (myotonia); (iii) after one or a series of con-
tractions, the muscle can decontract slowly, as occurring
in hypothyroidism; and (iv) muscles lack the energy to
relax.

4.1. Distribution of Spasmodic Compound in Nature. Spas-
modic compounds are widely distributed in nature (Table 2).
Frequently, these compounds are found in animals that par-
alyze their preys or used for defense. Some examples include
the venom of the black widow and tarantula spiders [11, 165]
and the venom of snakes [166]. Plants also produce spas-
modic metabolites, such as strychnine, an alkaloid obtained
from the tree Strychnos nux-vomica (Loganiaceae). Further-
more, microorganisms synthesize spasmodic compounds
such as the neurotoxins tetanospasmin and botulinum toxin
from the Gram-positive bacteria Clostridium tetani and C.
botulinum, respectively. These toxins produce a toxic disor-
der, which is characterized by persistent spasms of skeletal
muscles on spinal neurons similar to strychnine.

4.2. Mechanisms of Antispasmodic Activity of Natural Prod-
ucts. Antispasmodic compounds exert their activity in differ-
entways, such as antispasmodic activity through inhibition of
the response to the neurotransmitters 5-hydroxytryptamine
(5-HT) or serotonin and acetylcholine. However, other
authors attribute the antispasmodic effect to (i) capsaicin-
sensitive neurons, (ii) the participation of vanilloid receptors
[167], (iii) the activation of K+ ATP channels, (iv) the
blockade of Na+ channels and muscarinic receptors, (v)
the reduction of extracellular Ca2+, or (vi) the blockade
of Ca2+ channels [22, 168, 169]. The above is merely a
reflection of the ambiguity of the studies showing the mecha-
nisms of action of the antispasmodic compounds [36]. For
example, the hydroalcoholic extract of Marrubium vulgare
showed antispasmodic effect, having the ability to inhibit the
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Table 2: Representative organisms producing spasmodic compounds.

Compound Organism Symptoms Mechanism Reference
Bacterial

Botulinum toxin Clostridium
botulinum Muscular relaxation Secretion of acetylcholine

into synapses is blocked [3]

Tetanospasmin Clostridium tetani Muscular spasm Inhibits the binding of
GABA and glycine [4]

Marine

Nematocyst venom
extract Sea anemones

Nausea, vomiting,
muscle cramp, severe

pain, paralysis

Delay in the
voltage-dependent Na+
channels inactivation

[5]

Nematocyst venom
extract

Chironex fleckeri
(Cnidaria)

Contraction of arterial
smooth muscle

Increase of cytosolic Ca2+
concentration [6]

Ciguatoxin
Gambierdiscus

toxicus
(Dinoflagellate)

Nausea, vomiting,
abdominal pain,
intestinal spasm

Interact with voltage-gated
increasing the Na+

permeability and Ca2+
homeostasis

[7]

Chordata Plotosus lineatus
(Catfish)

Violent pain, shock,
spasm

Increase of the vascular
permeability in peritoneum [8]

Terrestrial

Ergotamine Claviceps purpurea
(fungus)

Seizure, spasms
psychosis, nausea,

vomiting

Agonist of several
neurotransmitter receptors [9]

𝛼-Latrotoxin

Latrodectus
tredecimguttatus
(black widow

spider)

Facial flushing,
hypertension, muscle
spasm, tachycardia

Causes Ca2+-dependent
and -independent release of

neurotransmitters
[10]

Vanillo-toxin,
hanatoxin,
huwentoxin

Tarantula species
Severe pain, cramps,
erythema, swelling,

tachycardia
Unrevealed [11–14]

𝛽-Neurotoxin
Mesobuthus
martensii
(scorpion)

Increases muscular
contraction, spasm,

convulsion
Modulates Ca2+ channels [15]

Crotoxin
Crotalus durissus

terrificus
(rattlesnake)

Severe pain, drooping
eyelids, low blood
pressure, muscle

weakness

Blocks the cholinergic
post-synaptic response [16]

neurotransmitters acetylcholine, bradykinin, prostaglandin
E2, histamine, and oxytocin [170], whereas a dual effect of
antidiarrheal and laxative activities was reported in Fumaria
parviflora [171].

5. Methods Used to Evaluate
Antispasmodic Compounds

5.1. Gastrointestinal Model. The small intestine is character-
ized by its large surface area as a result of its circular folds,
villi, and microvilli. It is the longest part of the GI system
(approximately 5meters) and comprises about 5% of its initial
length, which corresponds to the duodenum (characterized
by the absence of the mesentery) and then the jejunum
(around 40% of the intestinal length), ending with the ileum.
It is the organ of absorption of nutrients and digestion in
organisms. These functions are carried out mainly in the
duodenum and jejunum.

Themain types of bowel movement are the segmentation
and peristaltism. The segmentation is most frequent in the
small intestine and consists of contractions of the circular
muscle layer in very close areas. Contractions last for 11-12 and
8-9 contractions permin in the duodenum and ileum, respec-
tively. When this segmentation is rhythmic, the contractions
are alternated with relaxation. This type of movement results
in a mixed effect of the chyme (acidic fluid that passes
from the stomach to the small intestine) with the digestive
secretions, allowing an optimal contact with the intestinal
mucosa. In the case of peristalsis, contractions of successive
sections of the circular smooth muscle cause the movement
of the intestinal contents in anterograde form.The short peri-
staltic movement also takes place in the small intestine, but
less frequently than the segmentation movements. Peristaltic
waves rarely crossmore than 10 cmof intestine and, due to the
low frequency of propulsion of the chyme, it is in this zone
where digestion and absorption are preferably carried out.
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Peristalsis is regulated mainly by the nervous action of the
myenteric plexus (major nerve supply to the gastrointestinal
tract that controls GI tract motility) in the intestinal wall.

The diversity of experimental models used for the testing
of antispasmodic compounds is large. These models mainly
use isolated organs or live animals. Once the organ is
extracted from the animal, the intestinal motility is assessed
with the administration of a substance. The use of extracted
organs can be sustained for hourswhen placed in a physiolog-
ical solution, such as Ringer, Jalon, Tyrode, and Krebs [172].

The most used organs to perform the studies are guinea
pig ileum, duodenum, heart, trachea, and jejunum. The
same organs can be also extracted from rabbit, mouse, rat,
and hamster (Table 3). The preparation of ileum is pre-
ferred because it evaluates the spasmolytic activity. However,
although the jejunum contracts spontaneously, it allows
evaluating the spasmolytic activity directly and without the
use of an agonist [173].

Some advantages of performing ex vivo experiments are
as follows: (i) different substances can be evaluated in fresh
tissues without absorption factors, metabolic excretion or
interference due to nerve reflexes; (ii) it is possible to quantify
the effect produced by a precisely determined drug; and
(iii) it is easier to obtain dose-effect curves, such as the
smooth muscle where the contraction obtained under the
influence of a spasm or in tissue homogenates is measured
by determination of the enzyme activities [172, 174].

5.2. Guinea Pig IleumandRat Stomach. The ileum is removed
and cut in strips of approximately 2 cm long and then placed
in a bath filled with an isotonic solution as mentioned earlier.
Electrophysiological studies are performed by graphically
recording the contractions with the aid of a transducer, which
is calibrated 30 min before the treatment begins. A range of
0.01 to 0.03 𝜇M is generally used to determine dose response
curves of the antispasmodic substance [175].

In rats, the stomach is removed and the corpus and
fundus are cut in strips of approximately 5 mm x 15 mm and
placed on a prewarmed warm solution as mentioned before.

5.3. Compounds Used to Elicit a Spasmodic Activity. The
main compounds used are acetylcholine, atropine, BaCl2,
carbachol, histamine, KCl, and serotonin.

Acetylcholine is a postganglionic neurotransmitter in the
parasympathetic neurons that innervate the intestine. The
response to acetylcholine is regulated by activation of the two
types of muscarinic receptors: M2 and M3 [176]. The activa-
tion of these receptors causes contractions by increasing the
intracellular concentration of Ca2+ via IP3 [176]. Atropine is a
competitive reversible antagonist of muscarinic acetylcholine
receptors M1, M2, M3, M4, and M5.

Different substances are used to produce contractions.
For example, BaCl2 induces contractions by mobilizing
membrane-bound Ca2+ [177], carbachol is a cholinomimetic
drug (cholinergic agonist) that binds and activates acetyl-
choline receptors [178], histamine acts by either accelerating
the release of acetylcholine or interacting supra-additively
with the acetylcholine at the smooth muscle [179], whereas
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Figure 1: Number of isolated compounds with antispasmodic
activity.The total numberwas obtained fromTable 3. “Others” is the
sum of the compounds belonging to alcohols, amines, benzofurans,
chalcones, coumarins, curcuminoids, isothiocyanates, ketones,
phenolic, phenylmethanoids, phenylethanoids, glucinols, and
phloroglucinols.

KCl increases the voltage-operated Ca2+ channel activity by
increasing intracellular free Ca2+ in smooth muscle [180].
Serotonin is also an important neurotransmitter mainly
stored in the digestive tract, affecting the secretory andmotor
activities. At high concentrations, it acts as a vasoconstrictor
by contracting endothelial smooth muscle directly or by
potentiating the effects of other vasoconstrictors [181, 182].

6. Antispasmodic Activity of
Natural Compounds

Compounds isolated from terrestrial plants have shown
the ability to function as antispasmodic compounds. The
chemical group with the highest number of members of
antispasmodic compounds is the monoterpenoid group (41
compounds) followed by flavonoids (35 compounds), alka-
loids (with 33 compounds), and triterpenes with 31 (Figure 1).
Although we summarize in Table 3 248 compounds, in most
of the cases the mechanism behind their activity has not been
elucidated.

7. Mutagenicity

Studies related to themutagenicity of antispasmodics are very
scarce. This topic has been underestimated when testing the
bioactivities of ethnomedicinal plants. Probably themost use-
fulmethod to determine themutagenicity of natural products
or plant extracts is the Ames method [183]. This test is based
on the rate of mutations detected in genetically modified
strains of Salmonella typhimurium. Moreover, this test has
also been developed to detect mutagenicity of metabolized
compounds in the liver. In this situation, a mixture of liver



8 BioMed Research International

Ta
bl
e
3:
N
at
ur
al
pr
od

uc
ts
w
ith

an
tis
pa
sm

od
ic
ac
tiv

ity
iso

la
te
d
fro

m
te
rr
es
tr
ia
lp
la
nt
s.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

M
on
ot
er
pe
no
id
s

1M
yr
ce
ne
,𝛽

-m
yr
ce
ne

Pl
ec
tra

nt
hu

sb
ar
ba
tu
s

(L
am

ia
ce
ae
)

Le
af
(M

eO
H
)

AC
h,
Ba

Cl
2
,K

Cl
in

gu
in
ea

pi
g

ile
um

EO
[1
7]

2
Ci
tr
al
B,
𝛽
-c
itr
al
,N

er
al

Al
oy
sia

tri
ph
yl
la

(V
er
be
na
ce
ae
)

Le
af
(H

ex
an
e)

C
ar
ba
ch
ol
,K

Cl
,O

,P
G
F
(2
𝛼
)i
n

ra
tu

te
ru
s

IC
[1
8]

Cy
m
bo
po
go
n
cit
ra
tu
s

(P
oa
ce
ae
)

Le
af
(M

eO
H
70
%
)

AC
h,
KC

li
n
ra
bb

it
ile
um

IC
[19

]

M
eli
ssa

offi
cin

al
is

(L
am

ia
ce
ae
)

Ae
ria

lp
ar
t(
Et
O
H
70
%
)

AC
h,
KC

li
n
ra
ti
le
um

EO
[2
0]

3
G
er
an
yl
fo
rm

at
e

An
th
em

is
m
au

rit
ia
na

(C
om

po
sit
ae
)

Fl
ow

er
(D

ist
ill
at
io
n)

C
a2
+
,c
ar
ba
ch
ol
,K

Cl
in

ra
bb

it
an
d
ra
tj
eju

nu
m

EO
[2
1]

4
G
er
an
yl
ac
et
at
e

N
ep
et
a
ca
ta
ria

(L
am

ia
ce
ae
)

Le
af
(A

qu
eo
us
)

C
ar
ba
ch
ol
,K

Cl
in

gu
in
ea

pi
g

tr
ac
he
aa

nd
ra
bb

it
je
ju
nu

m
EO

[2
2]

5
G
er
an
io
l

Ro
sa

da
m
as
ce
ne

(R
os
ac
ea
e)

Fl
ow

er
(h
yd
ro
di
sti
lla
tio

n)
AC

h,
KC

l,
el
ec
tr
ic
al
fie
ld

sti
m
ul
at
io
n
in

ra
ti
le
um

IC
[2
3]

6
Ci
tro

ne
llo

l
Ro

sa
da
m
as
ce
ne

(R
os
ac
ea
e)

Fl
ow

er
(h
yd
ro
di
sti
lla
tio

n)
AC

h,
KC

l,
el
ec
tr
ic
al
fie
ld

sti
m
ul
at
io
n
in

ra
ti
le
um

IC
[2
3]

7
(±
)-
𝛼
-P
he
lla
nd

re
ne

Zi
ng
ib
er

offi
cin

al
e

(Z
in
gi
be
ra
ce
ae
)

Rh
iz
om

e(
M
eO

H
)

Se
ro
to
ni
n
in

ra
ti
le
um

EO
[2
4]

8
(±
)-
𝛽
-P
he
lla
nd

re
ne

Cr
ot
on

so
nd

er
ia
nu

s
(E
up

ho
rb
ia
ce
ae
)

Le
af
(D

ist
ill
at
io
n)

AC
h,
KC

li
n
ra
tt
ra
ch
ea
ls
m
oo

th
m
us
cl
e

EO
[2
5]

9
Te
rp
in
ol
en
e

Zi
ng
ib
er

offi
cin

al
e

(Z
in
gi
be
ra
ce
ae
)

Rh
iz
om

e(
M
eO

H
)

Se
ro
to
ni
n
in

ra
ti
le
um

EO
[2
4]

10
D
-(
+)
-L
im

on
en
e

Zi
ng
ib
er

ro
se
um

(Z
in
gi
be
ra
ce
ae
)

Fr
es
h
se
ed
s(
H
yd
ro
di
sti
lle
d
w
ith

di
et
hy
le
th
er
)

C
ar
ba
ch
ol
,K

Cl
in

ra
td

uo
de
na
l

sm
oo

th
m
us
cl
e

EO
[2
6]

M
en
th
a
x
vi
llo
sa

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

KC
li
n
gu

in
ea

pi
g
ile
um

IC
[2
7]

D
ra
co
ce
ph
al
um

ko
tsc

hy
i(
La
m
ia
ce
ae
)

Ae
ria

lp
ar
t(
H
yd
ro
di
sti
lla
tio

n)
AC

h,
el
ec
tr
ic
al
fie
ld

sti
m
ul
at
io
n,

KC
li
n
ra
ti
le
um

EO
[2
8]

11
𝛾
-T
er
pi
ne
ne

Ac
al
yp
ha

ph
leo

id
es

(E
up

ho
rb
ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n

M
eO

H
-C

H
Cl
3
(1
:1)

AC
h,
Ba

Cl
2
,H

,S
in

gu
in
ea

pi
g

ile
um

an
d
ra
bb

it
je
ju
nu

m
IC

[2
9]

12
Th

ym
oq

ui
no

ne
Ni
ge
lla

sa
tiv
a

(R
an
un

cu
la
ce
ae
)

Se
ed

in
fu
sio

n
(A

qu
eo
us
)

Ba
Cl
2
,c
ar
ba
ch
ol
,l
eu
ko
tr
ie
ne

in
ra
tt
ra
ch
ea

IC
[3
0]

13
(R
)-
(+
)-
Pu

le
go
ne

Ca
la
m
in
th
a

gla
nd

ul
os
a

(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ts
in
fu
sio

n
(D

ie
th
yl

et
he
r)

KC
li
n
ra
ti
le
um

IC
[3
1]

M
en
th
a
x
vi
llo
sa

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

KC
li
n
gu

in
ea

pi
g
ile
um

IC
[2
7]

14
(-
)-
M
en
th
ol

M
en
th
a
pi
pe
rit
a

(L
am

ia
ce
ae
)

Le
af
an
d
flo

we
ri
nf
us
io
n
(E
tO

H
)

S
in

ra
ti
le
um

IC
[3
2]



BioMed Research International 9

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

15
dl
-𝛼
-T
er
pi
ne
ol

Ca
sim

iro
a
pr
in
gle

i
(R
ut
ac
ea
e)

Ae
ria

lp
ar
ti
nf
us
io
n
(E
th
yl
ic

et
he
r)

KC
li
n
ra
tu

te
rin

es
m
oo

th
m
us
cl
e

IC
[3
3]

Zi
ng
ib
er

ro
se
um

(Z
in
gi
be
ra
ce
ae
)

Fr
es
h
se
ed
s(
H
yd
ro
di
sti
lle
d
w
ith

di
et
hy
le
th
er
)

C
ar
ba
ch
ol
,K

Cl
in

ra
td

uo
de
na
l

sm
oo

th
m
us
cl
e

EO
[2
6]

D
ra
co
ce
ph
al
um

ko
tsc

hy
i(
La
m
ia
ce
ae
)

Ae
ria

lp
ar
t(
H
yd
ro
di
sti
lla
tio

n)
AC

h,
el
ec
tr
ic
al
fie
ld

sti
m
ul
at
io
n,

KC
li
n
ra
ti
le
um

EO
[2
8]

16
(-
)-
Pi
pe
rit
on

e
Ca

sim
iro

a
pr
in
gle

i
(R
ut
ac
ea
e)

Ae
ria

lp
ar
ti
nf
us
io
n
(E
th
yl
ic

et
he
r)

KC
li
n
ra
tu

te
rin

es
m
oo

th
m
us
cl
e

IC
[3
3]

17
(+
)-
Ro

tu
nd

ifo
lo
ne

M
en
th
a
x
vi
llo
sa

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

KC
li
n
gu

in
ea

pi
g
ile
um

IC
[2
7]

18
(𝑅
)-
(-
)-
C
ar
vo
ne

M
en
th
a
x
vi
llo
sa

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

KC
li
n
gu

in
ea

pi
g
ile
um

IC
[2
7]

19
(R
,R
,R
)-
C
ar
vo
ne
-1
,2
-o
xi
de
)

M
en
th
a
x
vi
llo
sa

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

KC
li
n
gu

in
ea

pi
g
ile
um

IC
[2
7]

20
(S
)-
(+
)-
C
ar
vo
ne

M
en
th
a
x
vi
llo
sa

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

KC
li
n
gu

in
ea

pi
g
ile
um

IC
[2
7]

21
1,8

-C
in
eo
le

O
cim

um
gr
at
iss
im

um
(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

AC
h,
KC

li
n
gu

in
ea

pi
g
ile
um

IC
[3
4]

N
ep
et
a
ca
ta
ria

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(A

qu
eo
us
)

C
ar
ba
ch
ol
,K

Cl
in

gu
in
ea

pi
g

tr
ac
he
aa

nd
ra
bb

it
je
ju
nu

m
EO

[2
2]

Ca
sim

iro
a
pr
in
gle

i
(R
ut
ac
ea
e)

Ae
ria

lp
ar
ti
nf
us
io
n
(E
th
yl
ic

et
he
r)

KC
li
n
ra
tu

te
rin

es
m
oo

th
m
us
cl
e

IC
[3
3]

22
p-
Cy

m
en
e

Li
pp
ia

gr
av
eo
len

s
(V
er
be
na
ce
ae
)

Le
af
in
fu
sio

n
(D

ist
ill
at
io
n)

C
ar
ba
ch
ol
,H

in
gu

in
ea

pi
g
ile
um

IC
[3
5]

Zi
ng
ib
er

ro
se
um

(Z
in
gi
be
ra
ce
ae
)

Fr
es
h
se
ed
s(
H
yd
ro
di
sti
lle
d
w
ith

di
et
hy
le
th
er
)

C
ar
ba
ch
ol
,K

Cl
in

ra
td

uo
de
na
l

sm
oo

th
m
us
cl
e

EO
[2
6]

Po
lio
m
in
th
a
lo
ng
ifl
or
a

(L
am

ia
ce
ae
)

Le
av
es

ste
m

in
fu
sio

n
(D

ist
ill
at
io
n)

C
ar
ba
ch
ol
,H

in
gu

in
ea

pi
g
ile
um

IC
[3
5]

23
C
ar
va
cr
ol

O
rig

an
um

ac
ut
id
en
s

(L
am

ia
ce
ae
)

Le
af
,s
te
m

an
d
flo

we
ri
nf
us
io
n

(M
eO

H
)

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
t

ile
um

EO
[3
6]

Th
ym

us
vu
lga

ris
(L
am

ia
ce
ae
)

W
ho

le
pl
an
ts
(E
th
an
ol
)

AC
h,
Ba

Cl
2,
KC

li
n
ra
tt
ra
ch
ea

an
d
ile
um

IC
[3
7]

24
Th

ym
ol

Ac
al
yp
ha

ph
leo

id
es

(E
up

ho
rb
ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n

[M
eO

H
-C

H
Cl
3
(1
:1)
]

AC
h,
Ba

Cl
2
,H

,K
Cl
,S

in
gu

in
ea

pi
g
ile
um

an
d
ra
bb

it
je
ju
nu

m
IC

[2
9]

Th
ym

us
vu
lga

ris
(L
am

ia
ce
ae
)

W
ho

le
pl
an
ts
(E
th
an
ol
)

AC
h,
Ba

Cl
2,
KC

li
n
ra
tt
ra
ch
ea

an
d
ile
um

IC
[3
7]

25
Th

uj
an
eo

rS
ab
in
an
e

An
th
em

is
m
au

rit
ia
na

(A
ste

ra
ce
ae
)

Fl
ow

er
in
fu
sio

n
(A

qu
eo
us
)

C
ar
ba
ch
ol
,K

Cl
in

ra
bb

it
je
ju
na
l

sm
oo

th
m
us
cl
e

EO
[2
1]



10 BioMed Research International

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

26
(±
)-
C
am

ph
or

Ac
al
yp
ha

ph
leo

id
es

(E
up

ho
rb
ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n

[M
eO

H
-C

H
Cl
3
(1
:1)
]

AC
h,
Ba

Cl
2
,H

,K
Cl
,S

in
gu

in
ea

pi
g
ile
um

an
d
ra
bb

it
je
ju
nu

m
IC

[2
9]

Li
pp
ia

du
lci
s

(V
er
be
na
ce
ae
)

Le
af
in
fu
sio

n
(S
te
am

di
sti
lla
tio

n)
C
ar
ba
ch
ol
,H

in
po

rc
in
eb

ro
nc
hi

EO
[3
8]

27
(+
)-
𝛼
-P
in
en
e

An
th
em

is
m
au

rit
ia
na

(A
ste

ra
ce
ae
)

Fl
ow

er
in
fu
sio

n
(A

qu
eo
us
)

C
ar
ba
ch
ol
,K

Cl
in

ra
bb

it
je
ju
na
l

sm
oo

th
m
us
cl
e

EO
[2
1]

N
ep
et
a
ca
ta
ria

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(A

qu
eo
us
)

C
ar
ba
ch
ol
,K

Cl
in

gu
in
ea

pi
g

tr
ac
he
aa

nd
ra
bb

it
je
ju
nu

m
EO

[2
2]

Pl
ec
tra

nt
hu

sb
ar
ba
tu
s

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

AC
h,
Ba

Cl
2
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

EO
[1
7]

28
(-
)-
𝛼
-P
in
en
e

D
iss
ot
is
ro
tu
nd

ifo
lia

(M
el
as
to
m
at
ac
ea
e)

Le
af
in
fu
sio

n
(E
tO

H
)

C
ar
ba
ch
ol
in

m
ou

se
in
te
sti
na
l

m
ot
ili
ty

E
[3
9]

Eu
ca
ly
pt
us

te
re
tic
or
ni
s

(M
yr
ta
ce
ae
)

C
om

m
er
ci
al

AC
h,
KC

li
n
ra
tt
ra
ch
ea

EO
[4
0]

Zi
ng
ib
er

ro
se
um

(Z
in
gi
be
ra
ce
ae
)

Fr
es
h
se
ed
s(
H
yd
ro
di
sti
lle
d
w
ith

di
et
hy
le
th
er
)

C
ar
ba
ch
ol
,K

Cl
in

ra
td

uo
de
na
l

sm
oo

th
m
us
cl
e

EO
[2
6]

29
(+
)-
𝛽
-P
in
en
e

Fe
ru
la
gu
m
m
os
a

(A
pi
ac
ea
e)

Re
sin

in
fu
sio

n
(H

yd
ro
al
co
ho

lic
,

et
he
r,
M
eO

H
)

AC
h,
KC

li
n
ra
ti
le
um

IC
[4
1]

Zi
ng
ib
er

offi
cin

al
e

(Z
in
gi
be
ra
ce
ae
)

Rh
iz
om

ei
nf
us
io
n
(M

eO
H
)

S
in

ra
ti
le
um

EO
[2
4]

Zi
ng
ib
er

ro
se
um

(Z
in
gi
be
ra
ce
ae
)

Fr
es
h
se
ed
s(
H
yd
ro
di
sti
lle
d
w
ith

di
et
hy
le
th
er
)

C
ar
ba
ch
ol
,K

Cl
in

ra
td

uo
de
na
l

sm
oo

th
m
us
cl
e

EO
[2
6]

30
C
an
tle

yi
ne

St
ry
ch
no
st
rin

er
vi
s

(L
og
an
ia
ce
ae
)

Ro
ot

ba
rk

(E
tO

Ac
)

C
ar
ba
ch
ol
,H

,K
Cl

in
gu

in
ea

pi
g

tr
ac
he
a

IC
[4
2]

31
Pe
ns
te
m
on

os
id
e

Pa
re
nt
uc
ell
ia
la
tif
ol
ia

(S
cr
op

hu
la
ria

ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n
(B
ut
an
ol
)

AC
h,
C
aC

l 2,
KC

li
n
ra
tu

te
ru
s

IC
[4
3]

32
Au

cu
bi
ne

or
au
cu
bo

sid
e

Pa
re
nt
uc
ell
ia
la
tif
ol
ia

(S
cr
op

hu
la
ria

ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n
(B
ut
an
ol
)

AC
h,
C
aC

l 2,
KC

li
n
ra
tu

te
ru
s

IC
[4
3]

33
2󸀠
-O

-A
ce
ty
ld
ih
yd
ro
pe
ns
te
m
id
e

Vi
bu
rn
um

pr
un

ifo
liu

m
(C

ap
rif
ol
ia
ce
ae
)

Ro
ot

an
d
ste

m
ba
rk

in
fu
sio

n
(M

eO
H
)

C
ar
ba
ch
ol
in

ra
bb

it
je
ju
nu

m
an
d

gu
in
ea

pi
g
tr
ac
he
a

E
[4
4]

34
2󸀠
-O

-tr
an

s-
p-
C
ou

m
ar
oy
l-

di
hy
dr
op

en
ste

m
id
e

Vi
bu
rn
um

pr
un

ifo
liu

m
(C

ap
rif
ol
ia
ce
ae
)

Ro
ot

an
d
ste

m
ba
rk

in
fu
sio

n
(M

eO
H
)

C
ar
ba
ch
ol
in

ra
bb

it
je
ju
nu

m
an
d

gu
in
ea

pi
g
tr
ac
he
a

E
[4
4]

35
2󸀠
-O

-A
ce
ty
lp
at
rin

os
id
e

Vi
bu
rn
um

pr
un

ifo
liu

m
(C

ap
rif
ol
ia
ce
ae
)

Ro
ot

an
d
ste

m
ba
rk

in
fu
sio

n
(M

eO
H
)

C
ar
ba
ch
ol
in

ra
bb

it
je
ju
nu

m
an
d

gu
in
ea

pi
g
tr
ac
he
a

E
[4
4]

36
Pa
tr
in
os
id
e

Vi
bu
rn
um

pr
un

ifo
liu

m
(C

ap
rif
ol
ia
ce
ae
)

Ro
ot

an
d
ste

m
ba
rk

in
fu
sio

n
(M

eO
H
)

C
ar
ba
ch
ol
in

ra
bb

it
je
ju
nu

m
an
d

gu
in
ea

pi
g
tr
ac
he
a

E
[4
4]

37
Va

ltr
ia
te
or

Va
le
po

tr
ia
te

Va
ler

ia
na

pr
oc
er
a

(V
al
er
ia
ne
ac
ea
e)

Ro
ot

in
fu
sio

n
(E
tO

H
)

Ba
Cl
2
,c
ar
ba
ch
ol
,K

Cl
in

gu
in
ea

pi
g
ile
um

an
d
sto

m
ac
h

IC
[4
5]



BioMed Research International 11

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

38
Is
ov
al
tr
at
eo

rI
so
va
ltr
at
um

Va
ler

ia
na

pr
oc
er
a

(V
al
er
ia
ne
ac
ea
e)

Ro
ot

in
fu
sio

n
(E
tO

H
)

Ba
Cl
2
,c
ar
ba
ch
ol
,K

Cl
in

gu
in
ea

pi
g
ile
um

an
d
sto

m
ac
h

IC
[4
5]

39
Ep

ox
yg
ae
rt
ne
ro
sid

e
M
or
in
da

m
or
in
do
id
es

(R
ub

ia
ce
ae
)

Le
af
in
fu
sio

n
(A

qu
eo
us
)

AC
h,
KC

li
n
gu

in
ea

pi
g
ile
um

IC
[4
6]

40
G
ae
rt
ne
ro
sid

e
M
or
in
da

m
or
in
do
id
es

(R
ub

ia
ce
ae
)

Le
af
in
fu
sio

n
(A

qu
eo
us
)

AC
h,
KC

li
n
gu

in
ea

pi
g
ile
um

IC
[4
6]

41
C
at
al
pi
no

sid
eo

rC
at
ap
ol

Pa
re
nt
uc
ell
ia
la
tif
ol
ia

(S
cr
op

hu
la
ria

ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n
(B
ut
an
ol
)

AC
h,
C
aC

l 2,
KC

li
n
ra
tu

te
ru
s

IC
[4
3]

Se
sq
ui
te
rp
en
es

43
(±
)-
H
er
na
nd

ul
ci
n

Li
pp
ia

du
lci
s

(V
er
be
na
ce
ae
)

Le
af
in
fu
sio

n
(S
te
am

di
sti
lla
tio

n)
C
ar
ba
ch
ol
,H

in
po

rc
in
eb

ro
nc
hi

EO
[3
8]

43
H
um

ul
en
eo

r𝛼
-C

ar
yo
ph

yl
le
ne

N
ep
et
a
ca
ta
ria

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(A

qu
eo
us
)

C
ar
ba
ch
ol
,K

Cl
,i
n
gu

in
ea

pi
g

tr
ac
he
aa

nd
ra
bb

it
je
ju
nu

m
EO

[2
2]

44
𝛽
-C

ar
yo
ph

yl
le
ne

ep
ox
id
e

Co
ny
za

fil
ag
in
oi
de
s

(A
ste

ra
ce
ae
)

Le
af
in
fu
sio

n
[C

H
Cl
3
:M

eO
H

(1
:1)
]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
t

ile
um

IC
[4
7]

Cr
ot
on

so
nd

er
ia
nu

s
(E
up

ho
rb
ia
ce
ae
)

Le
af
in
fu
sio

n
(S
te
am

di
sti
lla
tio

n)
AC

h,
KC

li
n
ra
tt
ra
ch
ea
ls
m
oo

th
m
us
cl
e

EO
[2
5]

45
𝛽
-C

ar
yo
ph

yl
le
ne

Cr
ot
on

so
nd

er
ia
nu

s
(E
up

ho
rb
ia
ce
ae
)

Le
af
in
fu
sio

n
(S
te
am

di
sti
lla
tio

n)
AC

h,
KC

li
n
ra
tt
ra
ch
ea
ls
m
oo

th
m
us
cl
e

EO
[2
5]

Co
ny
za

fil
ag
in
oi
de
s

(A
ste

ra
ce
ae
)

Le
af
in
fu
sio

n
[C

H
Cl
3
:M

eO
H

(1
:1)
]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
t

ile
um

IC
[4
7]

Pl
ec
tra

nt
hu

sb
ar
ba
tu
s

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

AC
h,
Ba

Cl
2
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

EO
[1
7]

Pt
er
od
on

po
ly
ga
la
efl
or
us

(F
ab
ac
ea
e)

Se
ed

(S
te
am

di
sti
lla
tio

n)
AC

h,
KC

li
n
ra
ti
le
um

sm
oo

th
m
us
cl
e

IC
[4
8]

46
Bi
cy
cl
og
er
m
ac
re
ne

or
Le
pi
do

ze
ne

Cr
ot
on

so
nd

er
ia
nu

s
(E
up

ho
rb
ia
ce
ae
)

Le
af
in
fu
sio

n
(S
te
am

di
sti
lla
tio

n)
AC

h,
KC

li
n
ra
tt
ra
ch
ea
ls
m
oo

th
m
us
cl
e

EO
[2
5]

47
(+
)-
C
ap
sid

io
l

Ni
co
tia

na
sil
ve
str
i

(S
ol
an
ac
ea
e)

Le
af
in
fu
sio

n
(E
tO

Ac
)

AC
h,
Ba

Cl
2
,b
ra
dy
ki
ni
n,

ca
rb
ac
ho

li
n
gu

in
ea

pi
g
ile
um

an
d
tr
ac
he
a

IC
[4
9]

48
S-
Pe
ta
sin

Pe
ta
sit
es
fo
rm

os
an

us
(C

om
po

sit
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
)

C
aC

l 2,
ca
rb
ac
ho

l,
H
,K

Cl
in

gu
in
ea

pi
g
tr
ac
he
a

IC
[5
0]

49
(+
)-
Is
op

et
as
in

Pe
ta
sit
es
fo
rm

os
an

us
(C

om
po

sit
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
)

C
aC

l 2,
ca
rb
ac
ho

l,
H
,K

Cl
in

gu
in
ea

pi
g
tr
ac
he
a

IC
[5
0]

50
Va

le
ra
no

ne
o
Ja
ta
m
an
so
ne

Va
ler

ia
na

pr
oc
er
a

(V
al
er
ia
ne
ac
ea
e)

Ro
ot

in
fu
sio

n
(E
tO

H
)

Ba
Cl
2
,c
ar
ba
ch
ol
,K

Cl
in

gu
in
ea

pi
g
ile
um

an
d
sto

m
ac
h

IC
[4
5]

51
Ch

am
az
ul
en
e

M
at
ric

ar
ia
re
cu
tit
a

(A
ste

ra
ce
ae
)

Pl
an
ti
nf
us
io
n
(A

qu
eo
us
)

H
um

an
pl
at
el
et

E
[5
1]

52
Sp
at
hu

le
no

l
Cr
ot
on

so
nd

er
ia
nu

s
(E
up

ho
rb
ia
ce
ae
)

Le
af
in
fu
sio

n
(S
te
am

di
sti
lla
tio

n)
AC

h,
KC

li
n
ra
tt
ra
ch
ea
ls
m
oo

th
m
us
cl
e

EO
[2
5]

Le
pe
ch
in
ia
ca
ul
es
ce
ns

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(H

ex
an
e)

KC
li
n
ra
tu

te
ru
s

IC
[5
2]



12 BioMed Research International

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

53
Cy

na
ro
pi
cr
in

Cy
na

ra
sc
ol
ym

us
(A

ste
ra
ce
ae
)

Le
af
an
d
flo

we
ri
nf
us
io
n
(M

eO
H

70
%
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[5
3]

54
C
ed
re
no

l
An

th
em

is
m
au

rit
ia
na

(A
ste

ra
ce
ae
)

Fl
ow

er
in
fu
sio

n
(A

qu
eo
us
)

C
ar
ba
ch
ol
,K

Cl
in

ra
bb

it
je
ju
na
l

sm
oo

th
m
us
cl
e

EO
[2
1]

55
(+
)-
Ba

kk
en
ol
id
eA

H
er
tia

ch
eir

ifo
lia

(A
ste

ra
ce
ae
)

Ae
ria

lp
ar
ts
(M

eO
H
)

AC
h,
Ba

Cl
2
in

ra
td

uo
de
nu

m
IC

[5
4]

56
H
im

ac
ha
lo
l

Ce
dr
us

de
od
ar
a

(P
in
ac
ea
e)

W
oo

d
in
fu
sio

n

AC
h,
Ba

Cl
2
,H

,n
ic
ot
in
e,
S
in

gu
in
ea

pi
g
ile
um

an
d
se
m
in
al

ve
sic

le
,r
ab
bi
tj
eju

nu
m

an
d
ra
t

ut
er
us

IC
[5
5]

57
(E
)-
D
am

as
ce
no

ne
Ip
om

oe
a
pe
s-c

ap
ra
e

(C
on

vo
lv
ul
ac
ea
e)

Le
af
in
fu
sio

n
(A

qu
eo
us
)

H
in

gu
in
ea

pi
g
ile
al
sm

oo
th

m
us
cl
e

IC
[5
6]

58
(-
)-
Is
og
er
m
ac
re
ne

D
Ar

te
m
isi
a
vu
lga

ris
(C

om
po

sit
ae
)

St
em

an
d
le
af
in
fu
sio

n
(A

qu
eo
us
)

gu
in
ea

pi
g
ile
um

[5
7]

59
Ez
oa
la
nt
on

in
Ar

te
m
isi
a
vu
lga

ris
(C

om
po

sit
ae
)

Le
af
(C

H
Cl
3
)

H
,P

M
A
,S

in
gu

in
ea

pi
g
ile
um

an
d
tr
ac
he
a

IC
[5
7]

60
C
os
tu
no

lid
e

Ra
di
x
au

ck
la
nd

ia
e

(A
ste

ra
ce
ae
)

Rh
iz
om

e(
M
eO

H
)

AC
h,
KC

l,
S
in

ra
tj
eju

nu
m

IC
[5
8]

61
D
eh
yd
ro
co
stu

sla
ct
on

e
Ra

di
x
au

ck
la
nd

ia
e

(A
ste

ra
ce
ae
)

Rh
iz
om

e(
M
eO

H
)

AC
h,
KC

l,
S
in

ra
tj
eju

nu
m

IC
[5
8]

D
ite
rp
en
es

62
E-
Ph

yt
ol

Ip
om

oe
a
pe
s-c

ap
ra
e

(C
on

vo
lv
ul
ac
ea
e)

Le
af
in
fu
sio

n
(A

qu
eo
us
)

H
in

gu
in
ea

pi
g
ile
al
sm

oo
th

m
us
cl
e

IC
[5
6]

63
3𝛼

-A
ng
el
oy
lo
xy
-2
𝛼
-h
yd
ro
xy
-1
3,
14
Z-

de
hy
dr
oc
at
iv
ic

ac
id

Br
ick

ell
ia
pa
ni
cu
la
ta

(C
om

po
sit
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

KC
li
n
ra
tm

yo
m
et
ria

lt
iss
ue

IC
[5
9]

64
15
-E
pi
cy
lle
ni
n
A

M
ar
ru
bi
um

glo
bo
su
m

ss
p.
lib
an

ot
icu

m
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h
in

m
ou

se
ile
um

IC
[6
0]

65
Cy

lle
ni
n
A

M
ar
ru
bi
um

glo
bo
su
m

ss
p.
lib
an

ot
icu

m
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h
in

m
ou

se
ile
um

IC
[6
0]

66
M
ar
ru
lib

ac
et
al

M
ar
ru
bi
um

glo
bo
su
m

ss
p.
lib
an

ot
icu

m
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h
in

m
ou

se
ile
um

IC
[6
0]

67
(1
3R

)-
9𝛼

,13
𝛼
-e
po

xy
la
bd

a-
6𝛽

(19
),1
6(
15
)-
di
ol

di
la
ct
on

e

M
ar
ru
bi
um

glo
bo
su
m

ss
p.
lib
an

ot
icu

m
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h
in

m
ou

se
ile
um

IC
[6
0]

68
M
ar
ru
bi
n

M
ar
ru
bi
um

vu
lga

re
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ts
(A

qu
eo
us
)

KC
li
n
ra
ta
or
ta

IC
[6
1]

69
M
ar
ru
be
no

lo
rM

ar
ru
bi
ol

M
ar
ru
bi
um

vu
lga

re
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ts
(A

qu
eo
us
)

KC
li
n
ra
ta
or
ta

IC
[6
1]



BioMed Research International 13
Ta

bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

70
M
ar
ru
la
ni
ca

ci
d

M
ar
ru
bi
um

glo
bo
su
m

ss
p.
lib
an

ot
icu

m
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h
in

m
ou

se
ile
um

IC
[6
0]

71
M
ar
ru
la
ct
on

e
M
ar
ru
bi
um

glo
bo
su
m

ss
p.
lib
an

ot
icu

m
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h
in

m
ou

se
ile
um

IC
[6
0]

72
(+
)-
D
eh
yd
ro
ab
ie
tic

ac
id

Le
pe
ch
in
ia
ca
ul
es
ce
ns

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(H

ex
an
e)

KC
li
n
ra
tu

te
ru
s

IC
[5
2]

73
9𝛽

-H
yd
ro
xy
de
hy
dr
oa
bi
et
yl
al
co
ho

l
Le
pe
ch
in
ia
ca
ul
es
ce
ns

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(H

ex
an
e)

KC
li
n
ra
tu

te
ru
s

IC
[5
2]

74
9𝛼

,13
𝛼
-E
pi
di
ox
ya
bi
et
-8
(14

)-
en
-1
8-
oi
c

ac
id

m
et
hy
le
ste

r
Le
pe
ch
in
ia
ca
ul
es
ce
ns

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(H

ex
an
e)

KC
li
n
ra
tu

te
ru
s

IC
[5
2]

75
4-
ep
i-H

ya
lic

ac
id

Cr
ot
on

ar
gy
ro
ph
yl
lo
id
es

(E
up

ho
rb
ia
ce
ae
)

Ba
rk

in
fu
sio

n
(M

eO
H
)

AC
h,
KC

li
n
ra
tt
ra
ch
ea
ls
m
oo

th
m
us
cl
e

IC
[6
2]

76
Pi
m
ar
ad
ie
no

ic
ac
id

or
C
on

tin
en
ta
lic

ac
id

Vi
gu
ier

a
ar
en
ar
ia

(A
ste

ra
ce
ae
)

Ro
ot

in
fu
sio

n
(C

H
2
Cl
2
)

AC
h,
KC

li
n
ra
tc
ar
ot
id

ar
te
ry

IC
[6
3]

77
8(
14
),1
5-
Sa
nd

ar
ac
op

im
ar
ad
ie
ne
-7
𝛼
,18

-
di
ol

Te
tra

de
ni
a
rip

ar
ia

(L
am

ia
ce
ae
)

Le
af
in
fu
sio

n
(C

H
Cl
3
)

Ba
Cl
2
,H

,m
et
ha
ch
ol
in
ei
n

gu
in
ea

pi
g
ile
um

IC
[6
4]

78 3,
4-
Se
co
iso

pi
m
ar
a-
4(
18
),7
,15

-tr
ie
ne
-3
-o
ic

ac
id

Sa
lv
ia
cin

na
ba
rin

a
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
)

AC
h,
Ba

Cl
2
,H

in
gu

in
ea

pi
g

ile
um

IC
[6
5]

79
en
t-K

au
re
no

ic
ac
id

Vi
gu
ier

a
ar
en
ar
ia

(A
ste

ra
ce
ae
)

Ro
ot

in
fu
sio

n
(C

H
2
Cl
2
)

AC
h,
KC

li
n
ra
tc
ar
ot
id

ar
te
ry

IC
[6
3]

Vi
gu
ier

a
hy
pa
rg
yr
ea

(A
ste

ra
ce
ae
)

Ro
ot

in
fu
sio

n
(H

ex
an
e)

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

gu
in
ea

pi
g
ile
um

IC
[6
6]

80
Be

ye
re
ni
ca

ci
d
or

M
on

og
yn

oi
ca

ci
d

Vi
gu
ier

a
hy
pa
rg
yr
ea

(A
ste

ra
ce
ae
)

Ro
ot

in
fu
sio

n
(H

ex
an
e)

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

gu
in
ea

pi
g
ile
um

IC
[6
6]

81
en
t-7
𝛼
-A
ce
to
xy
tr
ac
hy
lo
ba
n-
18
-o
ic
ac
id

Xy
lo
pi
a
la
ng
sd
or
fia

na
(A

nn
on

ac
ea
e)

St
em

in
fu
sio

n
(E
tO

H
95
%
)

Ba
Cl
2
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

IC
[6
7]

82
en
t-7
𝛼
-h
yd
ro
xy
tr
ac
hy
lo
ba
n-
18
-o
ic

ac
id

Xy
lo
pi
a
la
ng
sd
or
fia

na
(A

nn
on

ac
ea
e)

St
em

in
fu
sio

n
(E
tO

H
95
%
)

Ba
Cl
2
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

IC
[6
7]

83
Ph

or
bo

l1
2-
ac
et
at
e-
13
-ti
gl
at
e

Cr
ot
on
is
tig
liu

m
(E
up

ho
rb
ia
ce
ae
)

Fr
ui
t(
M
eO

H
)

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
bb

it
je
ju
nu

m
E

[6
8]

84
3,
7,1
0,
14
,15

-p
en
ta
ac
et
yl
-5
-b
ut
an
oy
l-

13
,17
-e
po

xy
-8
-m

yr
sin

en
e

Py
cn
oc
yc
la
sp
in
os
a

(U
m
be
lli
fe
ra
e)

Ae
ria

lp
ar
ts
(M

eO
H
)

KC
li
n
ra
ti
lle
um

IC
[6
9]

Tr
ite
rp
en
oi
ds

85
A
ga
pa
nt
ha
ge
ni
n

3-
O
-𝛽
-D

-g
lu
co
py
ra
no

sid
e

Al
liu

m
elb

ur
ze
ns
e

(A
lli
ac
ea
e)

Fl
ow

er
an
d
bu

lb
in
fu
sio

n
(H

ex
an
e)

H
in

gu
in
ea

pi
g
ile
um

IC
[7
0]

86
A
ga
pa
nt
ha
ge
ni
n

Al
liu

m
elb

ur
ze
ns
e

(A
lli
ac
ea
e)

Fl
ow

er
an
d
bu

lb
in
fu
sio

n
(H

ex
an
e)

H
in

gu
in
ea

pi
g
ile
um

IC
[7
0]

87
𝛽
-s
ito

ste
ro
l

Eu
ca
ly
pt
us

ca
m
al
du

len
sis

(M
yr
ta
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

Ac
)

KC
l,
sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
bb

it
je
ju
nu

m
IC

[7
1]



14 BioMed Research International
Ta

bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

88
𝛽
-s
ito

ste
ro
l3
-O

-𝛽
-D

-g
lu
co
py
ra
no

sid
e

Eu
ca
ly
pt
us

ca
m
al
du

len
sis

(M
yr
ta
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

Ac
)

KC
l,
sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
bb

it
je
ju
nu

m
IC

[7
1]

89
𝛼
-S
pi
na
ste

ry
l𝛽

-D
-g
lu
co
sid

e
Co

ny
za

fil
ag
in
oi
de
s

(A
ste

ra
ce
ae
)

Le
af
in
fu
sio

n
[C

H
Cl
3
:M

eO
H

(1
:1)
]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
t

ile
um

IC
[4
7]

90
Tr
op

eo
sid

eB
1a
nd

B2
Al
liu

m
ce
pa
(A

lli
ac
ea
e)

Bu
lb
s[
CH

Cl
3
:M

eO
H
(9
:1)
]

AC
h,
H
in

gu
in
ea

pi
g
ile
um

IC
[7
2]

91
Tr
op

eo
sid

eA
1a
nd

A
2

Al
liu

m
ce
pa
(A

lli
ac
ea
e)

Bu
lb
s[
CH

Cl
3
:M

eO
H
(9
:1)
]

AC
h,
H
in

gu
in
ea

pi
g
ile
um

IC
[7
2]

92
El
bu

rz
en
so
sid

e
A
1a
nd

A
2

Al
liu

m
elb

ur
ze
ns
e

(A
lli
ac
ea
e)

Fl
ow

er
an
d
bu

lb
in
fu
sio

n
(H

ex
an
e)

H
in

gu
in
ea

pi
g
ile
um

IC
[7
0]

93
El
bu

rz
en
so
sid

eC
1a
nd

C2
Al
liu

m
elb

ur
ze
ns
e

(A
lli
ac
ea
e)

Fl
ow

er
an
d
bu

lb
in
fu
sio

n
(H

ex
an
e)

H
in

gu
in
ea

pi
g
ile
um

IC
[7
0]

94
G
al
ph

im
in

A
G
al
ph
im

ia
gla

uc
a

(M
al
pi
gh

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

El
ec
tr
ic
al
-in

du
ce
d
co
nt
ra
ct
io
n
in

gu
in
ea

pi
g
ile
um

IC
[7
3]

95
G
al
ph

im
in

B
G
al
ph
im

ia
gla

uc
a

(M
al
pi
gh

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

El
ec
tr
ic
al
-in

du
ce
d
co
nt
ra
ct
io
n
in

gu
in
ea

pi
g
ile
um

IC
[7
3]

96
G
al
ph

im
in

C
G
al
ph
im

ia
gla

uc
a

(M
al
pi
gh

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

El
ec
tr
ic
al
-in

du
ce
d
co
nt
ra
ct
io
n
in

gu
in
ea

pi
g
ile
um

IC
[7
3]

97
G
al
ph

im
in

E
G
al
ph
im

ia
gla

uc
a

(M
al
pi
gh

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

El
ec
tr
ic
al
-in

du
ce
d
co
nt
ra
ct
io
n
in

gu
in
ea

pi
g
ile
um

IC
[7
3]

98
G
al
ph

im
in

F
G
al
ph
im

ia
gla

uc
a

(M
al
pi
gh

ia
ce
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

El
ec
tr
ic
al
-in

du
ce
d
co
nt
ra
ct
io
n
in

gu
in
ea

pi
g
ile
um

IC
[7
3]

99
H
an
di
an
ol

H
er
iss
an
th
ia

tiu
ba
e

(M
al
va
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

H
)

C
ar
ba
ch
ol
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

an
d
tr
ac
he
a,
an
d
ra
ta
or
ta

IC
[7
4]

10
0
Cy

cl
oa
rt
an
ol

H
er
iss
an
th
ia

tiu
ba
e

(M
al
va
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

H
)

C
ar
ba
ch
ol
,H

,K
Cl

in
gu

in
ea
-p
ig

ile
um

,t
ra
ch
ea

an
d
ra
ta
or
ta

IC
[7
4]

10
1T

ar
ax
as
te
ry
la
ce
ta
te

Br
ick

ell
ia
ve
ro
ni
cif
ol
ia

(A
ste

ra
ce
ae
)

Ae
ria

lp
ar
ts
[C

H
2
Cl
2
:M

eO
H

(1
:1)
]

G
as
tro

in
te
sti
na
lm

ot
ili
ty

te
st
in

m
ou

se
E

[7
5]

10
2
Po

m
ol
ic
ac
id

or
Be

nt
ha
m
ic
ac
id

or
Ra

nd
ia
lic

ac
id

A
Li
ca
ni
a
pi
tti
er
i

(R
os
ac
ea
e)

Le
af
in
fu
sio

n
(E
tO

H
)

C
ar
ba
ch
ol
,K

Cl
in

ra
ta
or
ta

IC
[7
6]

10
3U

rs
ol
ic
ac
id

Ag
as
ta
ch
em

ex
ica

na
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
t(
M
eO

H
)

AC
h,
KC

li
n
gu

in
ea

pi
g
ile
um

IC
[7
7]

10
4
Eh

re
tio

lid
e

Eu
ca
ly
pt
us

ca
m
al
du

len
sis

(M
yr
ta
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

Ac
)

KC
l,
sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
bb

it
je
ju
nu

m
IC

[7
8]

10
5E

hr
et
io
lid

e
ac
et
at
e

Eu
ca
ly
pt
us

ca
m
al
du

len
sis

(M
yr
ta
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

Ac
)

KC
l,
sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
bb

it
je
ju
nu

m
IC

[7
8]

10
6
C
am

al
du

lin
Eu

ca
ly
pt
us

ca
m
al
du

len
sis

(M
yr
ta
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

Ac
)

KC
l,
sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
bb

it
je
ju
nu

m
IC

[7
1]

10
7
Zy

go
ph

yl
os
id
e
N

Zy
go
ph
yl
lu
m

ga
et
ul
um

(Z
yg
op

hy
lla
ce
ae
)

Ro
ot

in
fu
sio

n
(M

eO
H
)

El
ec
tr
ic
al
ly
-in

du
ce
d
co
nt
ra
ct
io
ns

of
iso

la
te
d
gu

in
ea

pi
g
ile
um

E
[7
9]



BioMed Research International 15

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

10
8
Er
yt
hr
od

io
l

Co
ny
za

fil
ag
in
oi
de
s

(A
ste

ra
ce
ae
)

Le
af
in
fu
sio

n
[C

H
Cl
3
:M

eO
H

(1
:1)
]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
t

ile
um

IC
[4
7]

10
9
3-
𝛽
-tr

id
ec
an
oy
lo
xy
-2
8-

hy
dr
ox
yo
le
an
-1
2-
en
e

Co
ny
za

fil
ag
in
oi
de
s

(A
ste

ra
ce
ae
)

Le
af
in
fu
sio

n
[C

H
Cl
3
:M

eO
H

(1
:1)
]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
t

ile
um

IC
[4
7]

11
0

3-
𝛽
-H

yd
ro
xy
ol
ea
n-
9(
11)

,12
-d
ie
n-
28
-o
ic

ac
id

Eu
ca
ly
pt
us

ca
m
al
du

len
sis

(M
yr
ta
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

Ac
)

KC
l,
sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
bb

it
je
ju
nu

m
IC

[7
8]

11
14

-e
pi
-H

ed
er
ag
en
in

H
ed
er
a
he
lix

(A
ra
lia
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

H
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[8
0]

11
2
H
ed
er
ac
os
id
eC

H
ed
er
a
he
lix

(A
ra
lia
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

H
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[8
0]

11
3
Be

tu
lin

ic
ac
id

Eu
ca
ly
pt
us

ca
m
al
du

len
sis

(M
yr
ta
ce
ae
)

Le
af
in
fu
sio

n
(E
tO

Ac
)

KC
l,
sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
bb

it
je
ju
nu

m
IC

[7
8]

11
4
𝛼
-A

m
yr
in

ac
et
at
e

Ty
lo
ph
or
a
hi
rs
ut
a

(A
sc
le
pi
ad
ac
ea
e)

Ae
ria

lp
ar
ts
(M

eO
H
)

KC
li
n
ra
bb

it
je
ju
nu

m
IC

[8
1]

Ph
lo
ro
glu

cin
ol
de
riv

at
iv
es

11
5
H
yp
er
fo
rin

H
yp
er
icu

m
pe
rfo

ra
tu
m

(H
yp
er
ic
ac
ea
e)

Ae
ria

lp
ar
ts
(E
tO

H
70
%
)

KC
li
n
ra
bb

it
je
ju
nu

m
IC

[8
2]

11
6
H
yp
er
ic
in

H
yp
er
icu

m
pe
rfo

ra
tu
m

(H
yp
er
ic
ac
ea
e)

Ae
ria

lp
ar
ts
(E
tO

H
70
%
)

KC
li
n
ra
bb

it
je
ju
nu

m
IC

[8
2]

Co
um

ar
in
s

11
7
Sc
op

ol
et
in

Br
un

fel
sia

ho
pe
an

a
(S
ol
an
ac
ea
e)

Ro
ot

in
fu
sio

n
(E
tO

H
)

Ph
en
yl
ep
hr
in
e,
KC

l,
PG

F2
,

se
ro
to
ni
n
in

ra
ta
or
ta

IC
[8
3]

11
8
To

da
nn

on
e

To
dd

al
ia
as
ia
tic
a
va
r.

flo
rib

un
da

(R
ut
ac
ea
e)

Ae
ria

lp
ar
ts
(E
tO

H
95
%
)

AC
h,
Ba

Cl
2
,H

,n
ic
ot
in
ei
n

gu
in
ea

pi
g
ile
um

IC
[8
4]

11
9
(2
S∗

,3
R∗

)-
2-
[(
3E

)-
4,
8-

di
m
et
hy
ln
on

a-
3,
7-
di
en
-1-

yl
]-
2,
3-
di
hy
dr
o-

7-
hy
dr
ox
y-
2,
3-
di
m
et
hy
lfu

ro
[3
,2
c]

co
um

ar
in

Fe
ru
la
he
uff

eli
i

(A
pi
ac
ea
e)

U
nd

er
gr
ou

nd
pa
rt
(C

H
Cl
3
)

AC
h,
KC

li
n
ra
ti
le
um

IC
[8
5]

12
0
O
sth

ol
e

Pr
an

go
sf
er
ul
ac
ea

(A
pi
ac
ea
e)

Ro
ot

(A
ce
to
ne
)

AC
h,
KC

l,
el
ec
tr
ic
fie
ld

sti
m
ul
at
io
n
in

ra
ti
le
um

IC
[8
6]

12
1A

ng
el
ic
in

H
er
ac
leu

m
th
om

so
ni

(A
pi
ac
ea
e)

Ae
ria

lp
ar
ti
nf
us
io
n
(E
tO

H
)

AC
h,
Ba

Cl
2
,H

,S
in

ca
tu

re
te
r,

gu
in
ea

pi
g
bi
le
du

ct
an
d
tr
ac
he
a,

m
on

ke
y
ga
ll
bl
ad
de
r,
ra
bb

it
je
ju
nu

m
,a
nd

ra
tu

te
ru
s

IC
[8
7]

12
2
G
ly
cy
co
um

ar
in

Gl
yc
yr
rh
iz
ae

ra
di
x

(L
eg
um

in
os
ae
)

Ro
ot

in
fu
sio

n
(A

qu
eo
us
)

A
23
18
7,
Ba

Cl
2
,c
ar
ba
ch
ol
,K

Cl
in

m
ou

se
je
ju
nu

m
IC

[8
8]

Gl
yc
yr
rh
iz
a
ul
ar
en
sis

(L
eg
um

in
os
ae
)

Ro
ot

in
fu
sio

n
(A

qu
eo
us
)

C
ar
ba
ch
ol
in

m
ou

se
je
ju
nu

m
E

[8
9]



16 BioMed Research International

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

Ch
al
co
ne
s

12
3
D
av
id
ig
en
in

M
as
ca
re
nh

as
ia

ar
bo
re
sc
en
s

(A
po

cy
na
ce
ae
)

Le
af
an
d
ste

m
in
fu
sio

n
(M

eO
H
)

AC
h,
H
in

gu
in
ea

pi
g
an
d
ra
t

du
od

en
um

IC
[9
0]

12
4
Is
ol
iq
ui
rit
ig
en
in

Gl
yc
yr
rh
iz
a
gla

br
a

(L
eg
um

in
os
ae
)

Ro
ot

in
fu
sio

n
(A

qu
eo
us
)

AC
h,
KC

l,
O
,s
po

nt
an
eo
us

co
nt
ra
ct
io
n
in

ra
tu

te
ru
s

IC
[9
1]

Gl
yc
yr
rh
iz
a
ul
ar
en
sis

(L
eg
um

in
os
ae
)

Ro
ot

in
fu
sio

n
(A

qu
eo
us
)

(A
qu

eo
us
)

Ba
Cl
2
,c
ar
ba
ch
ol
,K

Cl
in

m
ou

se
je
ju
nu

m
,il
eu
m

an
d
re
ct
um

IC
[9
2]

12
5
Li
co
ch
al
co
ne

A
Gl
yc
yr
rh
iz
a
in
fla
ta

(L
eg
um

in
os
ae
)

Ro
ot

in
fu
sio

n
(A

qu
eo
us
)

A
23
18
7,
Ba

Cl
2
,c
ar
ba
ch
ol
,K

Cl
in

m
ou

se
je
ju
nu

m
IC

[9
3]

Fl
av
on
oi
ds

12
6
(-
)-
Pi
no

str
ob

in
Co

ny
za

fil
ag
in
oi
de
s

(A
ste

ra
ce
ae
)

Le
af
in
fu
sio

n
[C

H
Cl
3
:M

eO
H

(1
:1)
]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
t

ile
um

IC
[4
7]

12
7
(-
)-
(S
)-
Sa
ku

ra
ne
tin

D
od
on
ae
a
vi
sc
os
a

(S
ap
in
da
ce
ae
)

Le
af
in
fu
sio

n
[C

H
Cl
3
:M

eO
H

(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
tu

te
ru
s

IC
[9
4]

12
8
(±
)-
St
er
nb

in
Ar

te
m
isi
a

m
on
os
pe
rm

a
(C

om
po

sit
ae
)

Ae
ria

lp
ar
t(
Et
O
H
)

AC
h,
O
in

ra
ti
le
um

,p
ul
m
on

ar
y

ar
te
ry
,u
rin

ar
y
bl
ad
de
r,
tr
ac
he
a,

an
d
ut
er
us

IC
[9
5]

12
9
O
ur
at
ea

ca
te
ch
in

M
ay
te
nu

sr
igi
da

(C
el
as
tr
ac
ea
e)

St
em

ba
rk

(E
tO

H
)

Ba
Cl
2
,c
ar
ba
ch
ol
,K

Cl
,H

in
gu

in
ea

pi
g
ile
um

IC
[9
6]

13
0
Ap

eg
en
in

Ac
hi
lle
a
m
ill
efo

liu
m

(A
ste

ra
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n
(M

eO
H

40
%
)

AC
h,
C
aC

l 2,
H
,P

E,
S
in

ra
ti
le
um

IC
[9
7]

13
1B

ud
dl
eo
fla
vo
no

lo
rL

in
ar
ig
en
in

Ag
as
ta
ch
em

ex
ica

na
(L
am

ia
ce
ae
)

Ae
ria

lp
ar
t(
M
eO

H
)

AC
h,
KC

li
n
gu

in
ea

pi
g
ile
um

IC
[7
7]

13
2
Lu

te
ol
in

Ac
hi
lle
a
m
ill
efo

liu
m

(A
ste

ra
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n
(M

eO
H

40
%
)

AC
h,
C
aC

l 2,
H
,P

E,
S
in

ra
ti
le
um

IC
[9
7]

Ar
te
m
isi
a
co
pa

(C
om

po
sit
ae
)

Ae
ria

lp
ar
ts
(A

qu
eo
us
)

KC
l,
PE

,S
in

ra
ta
or
ta

E
[9
8]

Pl
an
ta
go

la
nc
eo
la
ta

(P
la
nt
ag
in
ac
ea
e)

Ae
ria

lp
ar
t(
Et
O
H
)

AC
h,
Ba

Cl
2
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

an
d
tr
ac
he
a

IC
[9
9]

Th
ym

us
vu
lga

ris
(L
am

ia
ce
ae
)

Le
af
an
d
flo

we
r(
Et
O
H
)

AC
h,
Ba

Cl
2
,c
ar
ba
ch
ol
,H

in
gu

in
ea

pi
g
ile
um

an
d
tr
ac
he
a,

an
d
ra
tv
as

de
fe
re
ns

IC
[1
00
]

13
3
Sc
ut
el
la
re
in

6-
𝛽
-D

-g
lu
co
sid

e
(is
ov
ite
xi
n)

Al
oy
sia

cit
rid

or
a

(V
er
be
na
ce
ae
)

Le
af
in
fu
sio

n
(A

qu
eo
us
)

AC
h,
C
aC

l 2,
KC

li
n
ra
t

du
od

en
um

IC
[1
01
]



BioMed Research International 17
Ta

bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

13
4
Vi
te
xi
n

Al
oy
sia

cit
rid

or
a

(V
er
be
na
ce
ae
)

Le
af
in
fu
sio

n
(A

qu
eo
us
)

AC
h,
C
aC

l 2,
KC

li
n
ra
t

du
od

en
um

IC
[1
01
]

As
pa
la
th
us

lin
ea
ris

(F
ab
ac
ea
e)

C
om

m
er
ci
al
(A

qu
eo
us
)

KC
li
n
ra
bb

it
je
ju
nu

m
IC

[1
02
]

13
5
Xa

nt
ho

m
yc
ro
l

Br
ick

ell
ia
pa
ni
cu
la
ta

(C
om

po
sit
ae
)

Le
af
in
fu
sio

n
(M

eO
H
)

KC
l,
O
in

ra
tu

te
ru
s

IC
[5
9]

13
6
D
em

et
ho

xy
ce
nt
au
re
id
in

Pi
pt
ad
en
ia

sti
pu

la
ce
a

(L
eg
um

in
os
ae
)

Ae
ria

lp
ar
ts,

(C
H
Cl
3
)

C
ar
ba
ch
ol
,H

,O
,i
n
gu

in
ea

pi
g

ile
um

an
d
tr
ac
he
a,
ra
ta
or
ta
an
d

ut
er
us

IC
[1
03
]

13
7
G
na
ph

al
iin

B
Gn

ap
ha
liu

m
lie
bm

an
ni
i

(A
ste

ra
ce
ae
)

Ae
ria

lp
ar
ts
(H

ex
an
e)

AC
h,
ca
rb
ac
ho

li
n
gu

in
ea

pi
g

tr
ac
he
a

IC
[1
04
]

13
8
Ka

em
pf
er
ol
or

Ka
em

ph
er
ol

H
ed
er
a
he
lix

(A
ra
lia
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
30
%
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[8
0]

13
9
G
na
ph

al
iin

A
Gn

ap
ha
liu

m
lie
bm

an
ni
i

(A
ste

ra
ce
ae
)

Ae
ria

lp
ar
ts
(H

ex
an
e)

AC
h,
ca
rb
ac
ho

li
n
gu

in
ea

pi
g

tr
ac
he
a

IC
[1
04
]

14
0
Q
ue
rc
et
in

Ac
hi
lle
a
m
ill
efo

liu
m

(A
ste

ra
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n
(M

eO
H

40
%
)

AC
h,
C
aC

l 2,
H
,P

E,
se
ro
to
ni
n
in

ra
ti
le
um

IC
[9
7]

Ps
id
iu
m

gu
aj
av
a

(M
yr
ta
ce
ae
)

Le
af
ex
tr
ac
t(
M
eO

H
)

Pe
ris

ta
lsi
si
n
gu

in
ea

pi
g
ile
um

IC
[1
05
]

D
ro
se
ra

m
ad
as
ca
rie

ns
is

(D
ro
se
ra
ce
ae
)

Le
af
ex
tr
ac
t(
Et
O
H
70
%
)

C
ar
ba
ch
ol
,H

,P
G
F2

in
gu

in
ea

pi
g
ile
um

an
d
tr
ac
he
a

IC
[1
06
]

D
ro
se
ra

ro
tu
nd

ifo
lia

(D
ro
se
ra
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
70
%
)

C
ar
ba
ch
ol
in

gu
in
ep

ig
ile
um

IC
[1
07
]

M
or
in
da

m
or
in
do
id
es

(R
ub

ia
ce
ae
)

Le
af
ex
tr
ac
t(
Aq

ue
ou

s)
Ac

,K
Cl

in
gu

in
ea

pi
g
ile
um

IC
[4
6]

14
13

-O
-M

et
hy
lq
ue
rc
et
in

Rh
am

nu
sn

ak
ah
ar
ai

(R
ha
m
na
ce
ae
)

St
em

ba
rk

(n
ot

re
po

rt
ed
)

C
ar
ba
ch
ol
,H

,K
Cl

in
gu

in
ea

pi
g

tr
ac
he
a

IC
[1
08
]

14
2
3,
4󸀠
-D

im
et
hy
lq
ue
rc
et
in

Ar
te
m
isi
a
ab
ro
ta
nu

m
(A

ste
ra
ce
ae
)

Ae
ria

lp
ar
t(
M
eO

H
67
%
)

C
ar
ba
ch
ol
in

gu
in
ea

pi
g
tr
ac
he
a

IC
[1
09
]

14
3
3,
7-
D
im

et
hy
lq
ue
rc
et
in

Ar
te
m
isi
a
ab
ro
ta
nu

m
(A

ste
ra
ce
ae
)

Ae
ria

lp
ar
t(
M
eO

H
67
%
)

C
ar
ba
ch
ol
in

gu
in
ea

pi
g
tr
ac
he
a

IC
[1
09
]

14
4
Is
oq

ue
rc
et
in

Co
ny
za

fil
ag
in
oi
de
s

(A
ste

ra
ce
ae
)

Le
af
in
fu
sio

n
[C

H
Cl
3
:M

eO
H

(1
:1)
]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

ra
t

ile
um

IC
[4
7]

H
ed
er
a
he
lix

(A
ra
lia
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
30
%
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[8
0]

D
ro
se
ra

ro
tu
nd

ifo
lia

(D
ro
se
ra
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
70
%
)

C
ar
ba
ch
ol
in

gu
in
ea

pi
g
ile
um

IC
[1
07
]

D
ro
se
ra

m
ad
as
ca
rie

ns
is

(D
ro
se
ra
ce
ae
)

Le
af
ex
tr
ac
t(
Et
O
H
70
%
)

C
ar
ba
ch
ol
,H

,P
G
F2

in
gu

in
ea

pi
g
ile
um

an
d
tr
ac
he
a

IC
[1
06
]

Ps
id
iu
m

gu
aj
av
a

(M
yr
ta
ce
ae
)

Le
af
ex
tr
ac
t(
M
eO

H
)

Pe
ris

ta
lsi
si
n
gu

in
ea

pi
g
ile
um

IC
[1
05
]



18 BioMed Research International

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

14
5
Q
ue
rc
et
in

3-
𝛼
-r
ha
m
no

sid
eo

r
Q
ue
rc
itr
os
id
e

Ps
id
iu
m

gu
aj
av
a

(M
yr
ta
ce
ae
)

Le
af
ex
tr
ac
t(
M
eO

H
)

Pe
ris

ta
lsi
si
n
gu

in
ea

pi
g
ile
um

IC
[1
05
]

M
or
in
da

m
or
in
do
id
es

(R
ub

ia
ce
ae
)

Le
af
ex
tr
ac
t(
Aq

ue
ou

s)
AC

h,
KC

li
n
gu

in
ea

pi
g
ile
um

IC
[4
6]

14
6
Q
ue
rc
et
in

3-
O
-𝛽
-L
-a
ra
bi
no

sid
e

Ps
id
iu
m

gu
aj
av
a

(M
yr
ta
ce
ae
)

Le
af
ex
tr
ac
t(
M
eO

H
)

Pe
ris

ta
lsi
si
n
gu

in
ea

pi
g
ile
um

IC
[1
05
]

14
7
Q
ue
rc
et
in

3-
O
-𝛽
-D

-g
al
ac
to
sid

e
Ps
id
iu
m

gu
aj
av
a

(M
yr
ta
ce
ae
)

Le
af
ex
tr
ac
t(
M
eO

H
)

Pe
ris

ta
lsi
si
n
gu

in
ea

pi
g
ile
um

IC
[1
05
]

D
ro
se
ra

m
ad
as
ca
rie

ns
is

(D
ro
se
ra
ce
ae
)

Le
af
ex
tr
ac
t(
Et
O
H
70
%
)

C
ar
ba
ch
ol
,H

,P
G
F2

in
gu

in
ea

pi
g
ile
um

an
d
tr
ac
he
a

IC
[1
06
]

14
8
Q
ue
rc
et
in

3-
O
-𝛽
-g
en
tio

bi
os
id
e

3-
O
-𝛽
-D

-
M
or
in
da

m
or
in
do
id
es

(R
ub

ia
ce
ae
)

Le
af
ex
tr
ac
t(
Aq

ue
ou

s)
AC

h,
KC

li
n
gu

in
ea

pi
g
ile
um

IC
[4
6]

G
lu
co
py
ra
no

sy
lq
ue
rc
et
in

D
ro
se
ra

ro
tu
nd

ifo
lia

(D
ro
se
ra
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
70
%
)

C
ar
ba
ch
ol
in

gu
in
ea

pi
g
ile
um

EO
[1
07
]

14
9
C
en
ta
ur
ei
di
n

Ar
te
m
isi
a
ab
ro
ta
nu

m
(A

ste
ra
ce
ae
)

Ae
ria

lp
ar
t(
M
eO

H
67
%
)

C
ar
ba
ch
ol
in

gu
in
ea

pi
g
tr
ac
he
a

IC
[1
09
]

15
0
C
as
tic

in
or

Vi
te
xi
ca
rp
in

Ar
te
m
isi
a
ab
ro
ta
nu

m
(A

ste
ra
ce
ae
)

Ae
ria

lp
ar
t(
M
eO

H
67
%
)

C
ar
ba
ch
ol
in

gu
in
ea

pi
g
tr
ac
he
a

IC
[1
09
]

15
1P

ru
ne
to
lo
rS

op
ho

ric
ol

G
en
ist
a
tri
de
nt
at
a

(P
ap
ili
on

ac
ea
e)

N
ot

re
po

rt
ed

AC
,e
le
ct
ric

fie
ld

sti
m
ul
at
io
n,

6-
ox
o
PG

E1
in

gu
in
ea

pi
g
ile
um

IC
[1
10
]

15
2
Bo

er
av
in
on

eE
Bo

er
ha
av
ia

di
ffu

sa
(N

yc
ta
gi
na
ce
ae
)

Ro
ot

in
fu
sio

n
(M

eO
H
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[1
11]

15
3

4,
6,
11-
tr
ih
yd
ro
xy
-9
-m

et
ho

xy
-1
0-
m
et
hy
l-

6,
12
-d
ih
yd
ro
-5
,7-
di
ox
at
et
ra
ph

en
-1
2-
on

e

Bo
er
ha
av
ia

di
ffu

sa
(N

yc
ta
gi
na
ce
ae
)

Ro
ot

in
fu
sio

n
(M

eO
H
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[1
11]

15
4
Bo

er
av
in
on

eG
Bo

er
ha
av
ia

di
ffu

sa
(N

yc
ta
gi
na
ce
ae
)

Ro
ot

in
fu
sio

n
(M

eO
H
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[1
11]

15
5
(2
R,
3S
,2
”R

,3
”R

)-
M
an
ni
fla
vo
no

ne
G
ar
cin

ia
bu

ch
an

an
ii

(C
lu
sia

ce
ae
)

St
em

ba
rk

(E
tO

H
70
%
)

Ba
yK

86
44

in
m
ou

se
ile
um

IC
[1
12
]

15
6
H
yp
er
os
id
e

H
yp
er
icu

m
pe
rfo

ra
tu
m

(H
yp
er
ic
ac
ea
e)

Ae
ria

lp
ar
ts
(E
tO

H
70
%
)

KC
li
n
ra
bb

it
je
ju
nu

m
IC

[8
2]

15
7
Ch

ry
so
er
io
l

Ar
te
m
isi
a
co
pa

(C
om

po
sit
ae
)

Ae
ria

lp
ar
ts
(A

qu
eo
us
)

KC
l,
PE

,S
in

ra
ta
or
ta

E
[9
8]

As
pa
la
th
us

lin
ea
ris

(F
ab
ac
ea
e)

C
om

m
er
ci
al
(A

qu
eo
us
)

KC
li
n
ra
bb

it
je
ju
nu

m
IC

[1
02
]

15
8
Sp
in
ac
et
in

Ar
te
m
isi
a
co
pa

(C
om

po
sit
ae
)

Ae
ria

lp
ar
ts
(A

qu
eo
us
)

KC
l,
PE

,S
in

ra
ta
or
ta

E
[9
8]

15
9
Vi
ce
ni
n
2

Pe
ril
la
fru

te
sc
en
s

(L
am

ia
ce
ae
)

C
om

m
er
ci
al
(A

qu
eo
us
)

AC
h,
Ba

Cl
2
ir
at
ile
um

IC
[1
13
]

16
0
O
rie

nt
in

As
pa
la
th
us

lin
ea
ris

(F
ab
ac
ea
e)

C
om

m
er
ci
al
(A

qu
eo
us
)

KC
li
n
ra
bb

it
je
ju
nu

m
IC

[1
02
]



BioMed Research International 19

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

Ph
en
yl
m
et
an

oi
ds

16
1S

al
ic
yl
ic
ac
id

m
et
hy
le
th
er

Br
ick

ell
ia
ve
ro
ni
cif
ol
ia

(A
ste

ra
ce
ae
)

Ae
ria

lp
ar
ts
[C

H
2
Cl
2
:M

eO
H

(1
:1)
]

G
as
tro

in
te
sti
na
lm

ot
ili
ty

te
st
in

m
ou

se
E

[7
5]

16
2
O
-A

ni
sic

ac
id

or
6-
M
et
ho

xy
sa
lic
yl
ic

ac
id

Br
ick

ell
ia
ve
ro
ni
cif
ol
ia

(A
ste

ra
ce
ae
)

Ae
ria

lp
ar
ts
[C

H
2
Cl
2
:M

eO
H

(1
:1)
]

G
as
tro

in
te
sti
na
lm

ot
ili
ty

te
st
in

m
ou

se
E

[7
5]

16
3
Pr
ot
oc
at
ec
hu

ic
ac
id

H
ed
er
a
he
lix

(A
ra
lia
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
30
%
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[8
0]

16
4
Be

nz
yl
2,
5-
di
m
et
ho

xy
be
nz
oa
te

Br
ick

ell
ia
ve
ro
ni
cif
ol
ia

(A
ste

ra
ce
ae
)

Ae
ria

lp
ar
ts
[C

H
2
Cl
2
-M

eO
H

(1
:1)
]

G
as
tro

in
te
sti
na
lm

ot
ili
ty

te
st
in

m
ou

se
E

[7
5]

Ph
en
yl
et
ha
no
id
s

16
5O

-M
et
hy
lb
al
sa
m
id
e

Za
nt
ho
xy
lu
m

hy
em

al
e

(R
ut
ac
ea
e)

St
em

ba
rk

in
fu
sio

n
(E
tO

H
)

AC
h,
Ba

Cl
2
in

ra
ti
le
um

IC
[1
14
]

16
6
(-
)-T

em
ba
m
id
e

Za
nt
ho
xy
lu
m

hy
em

al
e

(R
ut
ac
ea
e)

St
em

ba
rk

in
fu
sio

n
(E
tO

H
)

AC
h,
Ba

Cl
2
in

ra
ti
le
um

IC
[1
14
]

16
7
O
-M

et
hy
lte
m
ba
m
id
e

Za
nt
ho
xy
lu
m

hy
em

al
e

(R
ut
ac
ea
e)

St
ea
m

ba
rk

in
fu
sio

n
(E
tO

H
)

AC
h,
Ba

Cl
2
in

ra
ti
le
um

IC
[1
14
]

Ph
en
yl
pr
op
an

oi
ds

16
8
Eu

ge
no

l
O
cim

um
gr
at
iss
im

um
(L
am

ia
ce
ae
)

N
ot

re
po

rt
ed

AC
h,
KC

li
n
gu

in
ea

pi
g
ile
um

EO
[3
4]

16
9
Ro

se
m
ar
ic
ac
id

or
Ro

se
m
ar
y
ac
id

or
tra

ns
-R
os
m
ar
in
ic
ac
id

Th
ym

us
vu
lga

ris
(L
am

ia
ce
ae
)

C
om

m
er
ci
al

KC
li
n
ra
tt
ra
ch
ea

IC
[1
00
]

17
0
tra

ns
-C

hl
or
og
en
ic
ac
id

H
ed
er
a
he
lix

(A
ra
lia
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
30
%
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[8
0]

17
1c
is-
Ch

lo
ro
ge
ni
ca

ci
d

H
ed
er
a
he
lix

(A
ra
lia
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
30
%
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[8
0]

17
2
3,
5-
D
ic
aff
eo
yl
qu

in
in
ic
ac
id

H
ed
er
a
he
lix

(A
ra
lia
ce
ae
)

Ae
ria

lp
ar
ts
(E
tO

H
30
%
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[8
0]

17
3
Ve

rb
as
co
sid

e
Pl
an
ta
go

la
nc
eo
la
ta

(P
la
nt
ag
in
ac
ea
e)

Ae
ria

lp
ar
ti
nf
us
io
n
(E
tO

H
20
%
)

AC
h,
Ba

Cl
2
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

an
d
tr
ac
he
a

E
[9
9]

17
4
Is
oa
ct
eo
sid

eo
rI
so
ve
rb
as
co
sid

e
Pl
an
ta
go

la
nc
eo
la
ta

(P
la
nt
ag
in
ac
ea
e)

Ae
ria

lp
ar
ti
nf
us
io
n
(E
tO

H
20
%
)

AC
h,
Ba

Cl
2
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

an
d
tr
ac
he
a

E
[9
9]

17
5P

la
nt
am

aj
os
id
eo

rP
la
nt
am

os
id
eo

r
Pu

rp
ur
ea
sid

eA
Pl
an
ta
go

la
nc
eo
la
ta

(P
la
nt
ag
in
ac
ea
e)

Ae
ria

lp
ar
ti
nf
us
io
n
(E
tO

H
20
%
)

AC
h,
Ba

Cl
2
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

an
d
tr
ac
he
a

E
[9
9]

17
6
La
va
nd

ul
ifo

lio
sid

e
Pl
an
ta
go

la
nc
eo
la
ta

(P
la
nt
ag
in
ac
ea
e)

Ae
ria

lp
ar
ti
nf
us
io
n
(E
tO

H
20
%
)

AC
h,
Ba

Cl
2
,H

,K
Cl

in
gu

in
ea

pi
g

ile
um

an
d
tr
ac
he
a

E
[9
9]

17
7
Ec
hi
na
co
sid

e
Ci
sta

nc
he

tu
bu

lo
sa

(O
ro
ba
nc
ha
ce
ae
)

N
o
re
po

rt
ed

(E
tO

H
)

KC
l,
PE

in
ra
ta
or
ta

IC
[1
15
]

17
8
Sc
hi
sa
nd

rin
A
or

W
uw

ei
zi
su

A
Sc
hi
sa
nd

ra
ch
in
en
sis

(S
ch
isa

nd
ra
ce
ae
)

Ac
ad
em

ic
Sp
on

ta
ne
ou

sc
on

tr
ac
tio

ns
in

ra
t

co
lo
n

IC
[1
16
]



20 BioMed Research International

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

17
9
Sc
hi
sa
nd

rin
B
or

W
uw

ei
zi
su

B
Sc
hi
sa
nd

ra
ch
in
en
sis

(S
ch
isa

nd
ra
ce
ae
)

Fr
ui
td

ec
oc
tio

n
(A

qu
eo
us
)

AC
h,
KC

l,
S
in

gu
in
ea

pi
g
ile
um

IC
[1
17
]

18
0
Sc
hi
sa
nd

ro
lB

Sc
hi
sa
nd

ra
ch
in
en
sis

(S
ch
isa

nd
ra
ce
ae
)

Fr
ui
td

ec
oc
tio

n
(A

qu
eo
us
)

AC
h,
KC

l,
S
in

gu
in
ea

pi
g
ile
um

IC
[1
17
]

St
ilb
en
oi
ds

18
1A

lo
ifo

lI
Io

rD
en
dr
op

he
no

lo
r

M
os
ca
til
in

Ni
de
m
a
bo
ot
hi
i

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
2
Cl
2
-M

eO
H
1:1
)]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

gu
in
ea

pi
g
ile
um

IC
[1
18
]

18
2
Ba

ta
ta
sin

III
Ni
de
m
a
bo
ot
hi
i

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
2
Cl
2
-M

eO
H
1:1
)]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

gu
in
ea

pi
g
ile
um

IC
[1
18
]

Sc
ap
hy
glo

tti
sl
iv
id
a

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
2
Cl
2
-M

eO
H
(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
ti
le
um

IC
[1
19
]

18
3
4-
[2
-(
3-
hy
dr
ox
y-
5-

m
et
ho

xy
ph

en
yl
)e
th
yl
]-
2-
m
et
ho

xy
ph

en
ol

Sc
ap
hy
glo

tti
sl
iv
id
a

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
2
Cl
2
-M

eO
H
(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
ti
le
um

IC
[1
19
]

18
4
G
ig
an
to
l

Ni
de
m
a
bo
ot
hi
i

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
2
Cl
2
-M

eO
H
(1
:1)
]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

gu
in
ea

pi
g
ile
um

IC
[1
18
]

18
5
C
oe
lo
ni
n

Sc
ap
hy
glo

tti
sl
iv
id
a

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
2
Cl
2
-M

eO
H
(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
ti
le
um

IC
[1
19
]

18
6
Er
ia
nt
hr
id
in

M
ax
ill
ar
ia
de
ns
a

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
Cl
3
-M

eO
H
(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
ti
le
um

IC
[1
20
]

18
7
Ep

he
m
er
an
th
oq

ui
no

ne
Ni
de
m
a
bo
ot
hi
i

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
2
Cl
2
-M

eO
H
(1
:1)
]

Sp
on

ta
ne
ou

sc
on

tr
ac
tio

n
in

gu
in
ea

pi
g
ile
um

IC
[1
18
]

18
8
N
ud

ol
M
ax
ill
ar
ia
de
ns
a

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
Cl
3
-M

eO
H
(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
ti
le
um

IC
[1
20
]

18
9
3,
4-

di
m
et
ho

xy
ph

en
an
th
re
ne
-2
,5
-d
io
l

M
ax
ill
ar
ia
de
ns
a

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
Cl
3
-M

eO
H
(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
ti
le
um

IC
[1
20
]

19
0
D
en
th
yr
sin

in
Sc
ap
hy
glo

tti
sl
iv
id
a

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
2
Cl
2
-M

eO
H
(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
ti
le
um

IC
[1
19
]

19
1G

ym
no

pu
sin

M
ax
ill
ar
ia
de
ns
a

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
Cl
3
-M

eO
H
(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
ti
le
um

IC
[1
20
]

19
2
Fi
m
br
io
lA

M
ax
ill
ar
ia
de
ns
a

(O
rc
hi
da
ce
ae
)

W
ho

le
pl
an
ti
nf
us
io
n

[C
H
Cl
3
-M

eO
H
(1
:1)
]

AC
h,
Ba

Cl
2
,H

in
ra
ti
le
um

IC
[1
20
]

Cu
rc
um

in
oi
d

19
3

(1
E,
5S
,6
E)
-5
-h
yd
ro
xy
-1
,7-
bi
s(
4-
hy
dr
ox
y-

3-
m
et
ho

xy
ph

en
yl
)-
1,6

-h
ep
ta
di
en
-3
-o
ne

Cu
rc
um

a
lo
ng
a

(Z
in
gi
be
ra
ce
ae
)

M
ac
er
at
ed

rh
iz
om

e(
Et
O
H
70
%
)

AC
h,
Ba

Cl
2
,C

aC
l 2,

H
,K

Cl
,O

in
gu

in
ea

pi
g
Ile

um
an
d
ra
tu

te
ru
s

IC
[1
21
]

Be
nz
of
ur
an

sa
nd

Re
la
te
d

19
4
(+
)-V

iti
sin

C
Vi
tis

sp
p.
(V

ita
ce
ae
)

St
em

in
fu
sio

n
(M

eO
H
)

PE
in

ra
bb

it
ao
rt
a

IC
[1
22
]

19
5
Bu

ty
lp
ht
ha
lid

e
Li
gu
sti
cu
m

wa
lli
ch
ii

(U
m
be
lli
fe
ra
e)

Rh
iz
om

e(
hy
dr
od

ist
ill
at
io
n)

C
aC

l 2,
KC

li
n
ra
ta
or
ta

EO
[1
23
]

19
6
ci
s-
Bu

ty
lid

en
ep
ht
ha
lid

e
Li
gu
sti
cu
m

wa
lli
ch
ii

(U
m
be
lli
fe
ra
e)

Rh
iz
om

e(
hy
dr
od

ist
ill
at
io
n)

C
aC

l 2,
KC

li
n
ra
ta
or
ta

EO
[1
23
]



BioMed Research International 21
Ta

bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

19
7
Li
gu
sti
lid

eA
or

ci
s-
Li
gu
sti
lid

e
Li
gu
sti
cu
m

wa
lli
ch
ii

(U
m
be
lli
fe
ra
e)

Rh
iz
om

e(
hy
dr
od

ist
ill
at
io
n)

C
aC

l 2,
KC

li
n
ra
ta
or
ta

EO
[1
23
]

19
8
12
-a
ce
to
xy
tre

m
et
on

e
H
eli
ch
ry
su
m

ita
lic
um

ss
p.
ita

lic
um

(A
ste

ra
ce
ae
)

Fl
ow

er
s(
Et
O
H
)

AC
h,
Ba

Cl
2
in

m
ou

se
ile
um

IC
[1
24
]

19
9

1-[
(2
R)
-2
-(
3-
hy
dr
ox
yp
ro
p-
1-e

n-
2-
yl
)-
2,
3-

di
hy
dr
o-
1-b

en
zo
fu
ra
n-
5-
yl
]e
th
an
-1-

on
e

H
eli
ch
ry
su
m

ita
lic
um

ss
p.
ita

lic
um

(A
ste

ra
ce
ae
)

Fl
ow

er
s(
Et
O
H
)

AC
h,
Ba

Cl
2
in

m
ou

se
ile
um

IC
[1
24
]

Al
ka
lo
id
s

20
0
In
di
ca
xa
nt
hi
n

O
pu
nt
ia
fic
us

in
di
ca

(C
ac
ta
ce
ae
)

Fr
ui
tp

ul
p
in
fu
sio

n
(A

qu
eo
us
)

C
ar
ba
ch
ol
,K

Cl
in

m
ou

se
ile
um

IC
[1
25
]

20
1P

ap
av
er
in
e

D
au

cu
sc
ar
ot
a

(A
pi
ac
ea
e)

Se
ed

in
fu
sio

n
(M

eO
H
90
%
)

AC
h,
Ba

Cl
2
,H

,K
Cl
,S
,O

in
do

g
tr
ac
he
a,
gu

in
ea

pi
g,
ra
bb

it,
ra
t

ile
a,
ra
tu

te
ru
s

IC
[1
26
]

20
2
H
ig
en
am

in
e

N
an

di
na

do
m
es
tic
a

(B
er
be
rid

ac
ea
e)

Fr
ui
t(
Aq

ue
ou

s)
AC

h,
H
,K

Cl
in

gu
in
ea

pi
g

tr
ac
he
a

IC
[1
27
]

20
3
At
he
ro
sp
er
m
in
in
e

Fi
ssi
sti
gm

a
gla

uc
es
ce
ns

(A
nn

on
ac
ea
e)

Ba
rk

(M
eO

H
)

C
ar
ba
ch
ol
,K

Cl
,L
TC

4,
PG

F2
𝛼
,

U
46

61
9
in

gu
in
ea

pi
g
tr
ac
he
a

IC
[1
28
]

20
4
(+
)-
D
om

es
tin

eo
r(
+)
-N

an
te
ni
ne

Pl
at
yc
ap
no
ss
pi
ca
ta

(F
um

ar
ia
ce
ae
)

Ac
ad
em

ic
su
pp

lie
r

Ba
Cl
2
,C

aC
l 2,

KC
l,
PE

,S
in

ra
t

ao
rt
aa

nd
at
ria

IC
[1
29
]

20
5
10
-M

et
hy
la
cr
id
on

e
Ci
tru

sd
eli
cio

sa
(R
ut
ac
ea
e)

Ro
ot

ju
ic
e(
M
eO

H
)

Ra
bb

it
ile
um

IC
[1
30
]

20
6
Sp
er
m
at
he
rid

in
eo

rl
iri
od

en
in

Fi
ssi
sti
gm

a
gla

uc
es
ce
ns

(A
nn

on
ac
ea
e)

Le
af
in
fu
sio

n
(M

eO
H
)

C
ar
ba
ch
ol
in

ca
ni
ne

tr
ac
he
a

IC
[1
31
]

20
7
Ci
tp
re
ss
in
eI

Ci
tru

sd
eli
cio

sa
(R
ut
ac
ea
e)

Ro
ot

ju
ic
e(
M
eO

H
)

Ra
bb

it
ile
um

IC
[1
30
]

20
8
Ja
tro

rh
iz
in
eo

rN
ep
ro
tin

e
Be
rb
er
is
ar
ist
at
a

(B
er
be
rid

ac
ea
e)

In
sti
tu
tio

na
ls
up

pl
ie
r

AC
h,
S,
sp
on

ta
ne
ou

s
co
nt
ra
ct
io
ns

in
ra
ti
le
um

IC
[1
32
]

Co
pt
is
ch
in
en
sis

(R
an
un

cu
la
ce
ae
)

Rh
iz
om

a(
Et
O
H

70
%
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[1
33
]

20
9
C
op

tis
in
e

Co
pt
is
ch
in
en
sis

(R
an
un

cu
la
ce
ae
)

Rh
iz
om

a(
Et
O
H

70
%
)

AC
h
in

gu
in
ea

pi
g
ile
um

IC
[1
33
]

21
0
Es
ch
ol
in
eo

rTh
al
ic
tr
in
e

M
ah
on
ia
aq
ui
fo
liu

m
(B
er
be
rid

ac
ea
s)

C
or
te
x
an
d
fr
ui
ti
nf
us
io
n

KC
l,
PE

in
ra
ta
or
ta

IC
[1
34
]

21
1(
+)
-Is

ot
he
ba
in
e

M
ah
on
ia
aq
ui
fo
liu

m
(B
er
be
rid

ac
ea
s)

C
or
te
x
an
d
fr
ui
ti
nf
us
io
n

KC
l,
PE

in
ra
ta
or
ta

IC
[1
34
]

21
2
(+
)-
C
or
yt
ub

er
in
e

M
ah
on
ia
aq
ui
fo
liu

m
(B
er
be
rid

ac
ea
s)

C
or
te
x
an
d
fr
ui
ti
nf
us
io
n

KC
l,
PE

in
ra
ta
or
ta

IC
[1
34
]

21
3
(+
)-
Is
oc
or
yd
in
eo

rL
ut
ea
ni
ne

M
ah
on
ia
aq
ui
fo
liu

m
(B
er
be
rid

ac
ea
s)

C
or
te
x
an
d
fr
ui
ti
nf
us
io
n

KC
l,
PE

in
ra
ta
or
ta

IC
[1
34
]

21
4
(+
)-
Ch

el
id
on

in
eo

rS
ty
lo
ph

or
in
e

Ch
eli
do
ni
um

m
aj
us

(P
ap
av
er
ac
ea
e)

C
om

m
er
ci
al
su
pp

lie
r

Ba
Cl
2
,c
ar
ba
ch
ol
in

gu
in
ea

pi
g

ile
um

IC
[1
35
]



22 BioMed Research International

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

21
5
(-
)-
8
be
ta
-(
4󸀠
-h
yd
ro
xy
be
nz
yl
)-
2,
3-

di
m
et
ho

xy
be
rb
in
-1
0-
ol

Ar
ist
ol
oc
hi
a
co
ns
tri
ct
a

(A
ris

to
lo
ch
ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h,
el
ec
tr
ic
al
co
nt
ra
ct
io
n,
H

in
gu

in
ea

pi
g
ile
um

IC
[1
36
]

21
6
3-
O
-m

et
hy
lc
on

str
ic
to
sin

e
Ar

ist
ol
oc
hi
a
co
ns
tri
ct
a

(A
ris

to
lo
ch
ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h,
el
ec
tr
ic
al
co
nt
ra
ct
io
n,
H

in
gu

in
ea

pi
g
ile
um

IC
[1
36
]

21
7
3,
5-
di
-O

-m
et
hy
lc
on

str
ic
to
sin

e
Ar

ist
ol
oc
hi
a
co
ns
tri
ct
a

(A
ris

to
lo
ch
ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h,
el
ec
tr
ic
al
co
nt
ra
ct
io
n,
H

in
gu

in
ea

pi
g
ile
um

IC
[1
36
]

21
8
5,
6-
di
hy
dr
o-
3,
5-
di
-O

-
m
et
hy
lc
on

str
ic
to
sin

e
Ar

ist
ol
oc
hi
a
co
ns
tri
ct
a

(A
ris

to
lo
ch
ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h,
el
ec
tr
ic
al
co
nt
ra
ct
io
n,
H

in
gu

in
ea

pi
g
ile
um

IC
[1
36
]

21
9
5,
6-
di
hy
dr
oc
on

str
ic
to
sin

e
Ar

ist
ol
oc
hi
a
co
ns
tri
ct
a

(A
ris

to
lo
ch
ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h,
el
ec
tr
ic
al
co
nt
ra
ct
io
n,
H

in
gu

in
ea

pi
g
ile
um

IC
[1
36
]

22
0
C
on

str
ic
to
sin

e
Ar

ist
ol
oc
hi
a
co
ns
tri
ct
a

(A
ris

to
lo
ch
ia
ce
ae
)

Ae
ria

lp
ar
ti
nf
us
io
n
(M

eO
H
)

AC
h,
el
ec
tr
ic
al
co
nt
ra
ct
io
n,
H

in
gu

in
ea

pi
g
ile
um

IC
[1
36
]

22
1I
so
ju
rip

id
in
e

So
la
nu

m
as
te
ro
ph
or
um

(S
ol
an
ac
ea
e)

Le
af
in
fu
sio

n
(M

eO
H
)

AC
h,
C
aC

l 2,
H
in

gu
in
ea

pi
g

ile
um

IC
[1
37
]

22
2
Sa
rc
od

in
e

Sa
rc
oc
ca

sa
lig
na

(B
ux

ac
ea
e)

W
ho

le
pl
an
t(
M
eO

H
)

AC
h,
KC

li
n
gu

in
ea

pi
g
ile
um

,r
at

sto
m
ac
h
fu
nd

us
,r
ab
bi
tj
eju

nu
m

IC
[1
38
]

22
3
Sa
ra
co
rin

eo
rS

ar
co
rin

e
Sa
rc
oc
oc
ca

sa
lig
na

(B
ux

ac
ea
e)

W
ho

le
pl
an
ti
nf
us
io
n
(M

eO
H
)

AC
h,
KC

li
n
ra
bb

it
je
ju
nu

m
IC

[1
39
]

22
4
Sa
ra
co
ci
ne

Sa
rc
oc
ca

sa
lig
na

(B
ux

ac
ea
e)

W
ho

le
pl
an
t(
M
eO

H
)

AC
h,
KC

li
n
gu

in
ea

pi
g
ile
um

,r
at

sto
m
ac
h
fu
nd

us
,r
ab
bi
tj
eju

nu
m

IC
[1
38
]

22
5
A
lk
al
oi
d
C

Sa
rc
oc
ca

sa
lig
na

(B
ux

ac
ea
e)

W
ho

le
pl
an
t(
M
eO

H
)

AC
h,
KC

li
n
gu

in
ea

pi
g
ile
um

,r
at

sto
m
ac
h
fu
nd

us
,r
ab
bi
tj
eju

nu
m

IC
[1
38
]

22
6
(-
)-
Pa
ch
ya
xi
m
in
eA

Sa
rc
oc
oc
ca

sa
lig
na

(B
ux

ac
ea
e)

W
ho

le
pl
an
ti
nf
us
io
n
(M

eO
H
)

AC
h,
KC

li
n
ra
bb

it
je
ju
nu

m
,K

Cl
IC

[1
39
]

22
7
(-
)-
(R
)-
G
ei
ba
la
ns
in
eo

r
(-
)-
R-
G
ei
lb
al
an
sin

e
Za

nt
ho
xy
lu
m

hy
em

al
e

(R
ut
ac
ea
e)

St
em

ba
rk

in
fu
sio

n
(E
tO

H
)

AC
h,
Ba

Cl
2
in

ra
ti
le
um

IC
[1
14
]

22
8
H
ye
m
al
in
e

Za
nt
ho
xy
lu
m

hy
em

al
e

(R
ut
ac
ea
e)

St
em

ba
rk

in
fu
sio

n
(E
tO

H
)

AC
h,
Ba

Cl
2
in

ra
ti
le
um

IC
[1
14
]

22
9
Th

eo
ph

yl
lin

e
Fi
ssi
sti
gm

a
gla

uc
es
ce
ns

(A
nn

on
ac
ea
e)

Le
af
in
fu
sio

n
(M

eO
H
)

C
ar
ba
ch
ol
in

ca
ni
ne

tr
ac
he
a

IC
[1
31
]

23
0
C
ar
bo

xy
sc
ot
an
ga
m
in
eA

Sc
op
ol
ia
ta
ng
ut
ica

(S
ol
an
ac
ea
e)

Ro
ot

(9
5%

Et
O
H
)

C
ar
ba
ch
ol
in

Ch
in
es
eh

am
ste

r
ov
ar
ia
n
ce
ll

IC
[14

0]

23
1S

co
ta
na
m
in
eA

Sc
op
ol
ia
ta
ng
ut
ica

(S
ol
an
ac
ea
e)

Ro
ot

(9
5%

Et
O
H
)

C
ar
ba
ch
ol
in

Ch
in
es
eh

am
ste

r
ov
ar
ia
n
ce
ll

IC
[14

0]

23
2
Pi
pe
rin

e
Pi
pe
rn

igr
um

(P
ip
er
ac
ea
e)

Fr
ui
t(
Et
O
H
)

Ile
um

lo
op

in
m
ic
e

IC
[14

1]

Am
in
es

23
3
Sc
ot
an
am

in
eB

Sc
op
ol
ia
ta
ng
ut
ica

(S
ol
an
ac
ea
e)

Ro
ot

(9
5%

Et
O
H
)

C
ar
ba
ch
ol
in

Ch
in
es
eh

am
ste

r
ov
ar
ia
n
ce
ll

IC
[1
23
]



BioMed Research International 23

Ta
bl
e
3:
C
on

tin
ue
d.

C
om

po
un

d
na

m
e

Sp
ec
ie
s(
Fa

m
ily

)
Pr
ep

ar
at
io
n
(S
ol
ve
nt
)

M
od

el
te
st
ed

So
ur
ce

Re
fe
re
nc
e

23
4
Sc
ot
an
am

in
eC

Sc
op
ol
ia
ta
ng
ut
ica

(S
ol
an
ac
ea
e)

Ro
ot

(9
5%

Et
O
H
)

C
ar
ba
ch
ol
in

Ch
in
es
eh

am
ste

r
ov
ar
ia
n
ce
ll

IC
[14

0]

23
5
Sc
ot
an
am

in
eD

Sc
op
ol
ia
ta
ng
ut
ica

(S
ol
an
ac
ea
e)

Ro
ot

(9
5%

Et
O
H
)

C
ar
ba
ch
ol
in

Ch
in
es
eh

am
ste

r
ov
ar
ia
n
ce
ll

IC
[14

0]

23
6
N
1
-C

aff
eo
yl
-N
3
-

di
hy
dr
oc
aff
eo
yl
sp
er
m
id
in
e

Sc
op
ol
ia
ta
ng
ut
ica

(S
ol
an
ac
ea
e)

Ro
ot

(9
5%

Et
O
H
)

C
ar
ba
ch
ol
in

Ch
in
es
eh

am
ste

r
ov
ar
ia
n
ce
ll

IC
[14

0]

23
7
N
1
,

N
10
-B
is(
di
hy
dr
oc
aff
eo
yl
)s
pe
rm

id
in
e

Sc
op
ol
ia
ta
ng
ut
ica

(S
ol
an
ac
ea
e)

Ro
ot

(9
5%

Et
O
H
)

C
ar
ba
ch
ol
in

Ch
in
es
eh

am
ste

r
ov
ar
ia
n
ce
ll

IC
[14

0]

23
8
C
aff
eo
yl
pu

tre
sc
in
e

Sc
op
ol
ia
ta
ng
ut
ica

(S
ol
an
ac
ea
e)

Ro
ot

(9
5%

Et
O
H
)

C
ar
ba
ch
ol
in

Ch
in
es
eh

am
ste

r
ov
ar
ia
n
ce
ll

IC
[14

0]

Iso
th
io
cy
an

at
es

23
9
Re

ds
ki
n
or

Se
nf
oe
l

Cr
uc
ife
ro
us

ve
ge
ta
bl
es

(B
ra
ss
ic
ac
ea
e)

C
om

m
er
ci
al
so
ur
ce

AC
h,
el
ec
tr
ic
al
co
nt
ra
ct
io
n
in

m
ou

se
ile
um

IC
[14

2]

Al
co
ho
ls

24
0
(3
E)
-4
-(
3,
4-
di
m
et
ho

xy
ph

en
yl
)b
ut
-3
-

en
-1-

ol
Zi
ng

ib
er

ca
ss
um

un
ar

(Z
in
gi
be
ra
ce
ae
)

Ch
em

ic
al
ly
sy
nt
he
siz

ed
O
in

ra
tu

te
ru
s

IC
[14

3]

Ke
to
ne
s

24
12

-D
ec
an
on

e
Ru

ta
ch
al
ep
en
sis

(R
ut
ac
ea
e)

Le
af
(E
tO

H
70
%
)

KC
li
n
ra
ti
le
um

E
[14

4]

24
2
2-
U
nd

ec
an
on

e
Ru

ta
ch
al
ep
en
sis

(R
ut
ac
ea
e)

Le
af
(E
tO

H
70
%
)

KC
li
n
ra
ti
le
um

E
[14

4]

24
3
2-
Tr
id
ec
an
on

e
Ru

ta
ch
al
ep
en
sis

(R
ut
ac
ea
e)

Le
af
(E
tO

H
70
%
)

KC
li
n
ra
ti
le
um

E
[14

4]

24
4
La
tif
ol
on

e
Fe
ru
la
he
uff

eli
i

(A
pi
ac
ea
e)

U
nd

er
gr
ou

nd
pa
rt
(C

H
Cl
3
)

AC
h,
KC

li
n
ra
ti
le
um

IC
[8
5]

24
5
D
sh
am

iro
ne

Fe
ru
la
he
uff

eli
i

(A
pi
ac
ea
e)

U
nd

er
gr
ou

nd
pa
rt
(C

H
Cl
3
)

AC
h,
KC

li
n
ra
ti
le
um

IC
[8
5]

Ph
en
ol
ic
co
m
po
un

ds
24

6
6-
(4
-h
yd
ro
xy
-3
-m

et
ho

xy
ph

en
yl
)-

he
xa
no

ni
ca

ci
d

(H
M
PH

A
)

Py
cn
oc
yc
la
sp
in
os
a

(U
m
be
lli
fe
ra
e)

Ae
ria

lp
ar
ts
(M

eO
H
)

KC
li
n
ra
ti
le
um

IC
[14

5]

24
7
Is
ov
an
ill
in

Py
cn
oc
yc
la
sp
in
os
a

(U
m
be
lli
fe
ra
e)

Ae
ria

lp
ar
ts
(M

eO
H
)

KC
li
n
ra
ti
le
um

IC
[14

6]

24
8
Is
o-
ac
et
ov
an
ill
on

Py
cn
oc
yc
la
sp
in
os
a

(U
m
be
lli
fe
ra
e)

Ae
ria

lp
ar
ts
(M

eO
H
)

KC
li
n
ra
ti
le
um

IC
[14

6]

IC
=
iso

la
te
d
co
m
po

un
d,
E
=
ex
tr
ac
t,
EO

=
es
se
nt
ia
lo
il,
AC

h
=
ac
et
yl
ch
ol
in
e,
O
=
ox
yt
oc
in
,P

M
A
=
𝛽
-P
he
ny
le
th
yl
am

in
e,
PG

F
=
Pr
os
ta
gl
an
di
n
F2
𝛼
,H

=
hi
sta

m
in
e,
S
=
se
ro
to
ni
n.



24 BioMed Research International

Table 4: Synthetic antispasmodic compounds used in medicine.

Synthetic compound Receptor targeted Main use
Alkaloids
Chlorzoxazone Prevents release of histamine Muscular spasm
Pancuronium Nicotinic acetylcholine Muscle relaxant
Riluzole Sodium channels Amyotrophic lateral sclerosis
Rocuronium Antagonist of neuromuscular junction Muscle relaxant and anaesthesia
Tizanidine 𝛼2 adrenergic agonist Muscle relaxant
Vecuronium Nicotinic acetylcholine Muscle relaxant and anaesthesia
Curcuminoids
Atracurium Nicotinic acetylcholine Muscle relaxant and anaesthesia
Cisatracurium Nicotinic acetylcholine Muscle relaxant and anaesthesia
Mivacurium Nicotinic acetylcholine Muscle relaxant and anaesthesia
Methylpropanoid

Diazepam GABAA
Anxiety, alcohol withdrawal syndrome, muscle spasms, seizures, and

restless legs syndrome
Prograbide GABAA+B Epilepsy

Orphenadrine Skeletal muscle relaxant that is used for the treatment of acute muscle
aches, pain, or spasms.

Phenylpropanoids
Baclofen GABAB Spinal cord injury, cerebral palsy, and multiple sclerosis
Idrocilamide Prevents release of intracellular Ca2+ Skeletal muscle relaxant and muscular pain

enzymes (S9 microsomal fraction) is used to mimic the
metabolites that will be produced in the liver [184].

Few studies have been performed to determine the
mutagenicity of natural products with antispasmodic activity.
For example, the flavonoids quercetin and luteolin were
tested using the Ames method and the appearance of point
mutations in four of the tested bacterial strains was shown
[185]. In another study, the extracts of the plants Brickellia
veronicaefolia, Gnaphalium sp., Poliomintha longiflora, and
Valeriana procera were studied. Compounds isolated from
these plants are listed as antispasmodic compounds (Table 3).
Results of the mutagenicity test indicated that Gnaphalium
sp., Poliomintha longiflora (used in the Mexican cuisine and
as a traditional medicine), and Valeriana procera induced
mutagenesis in the tested bacterial strain [186].

8. Chemical Similarities between Natural and
Synthetic Antispasmodic Compounds

To determine whether or not there is an analogy between
synthetic (Table 4) and natural antispasmodic compounds,
the structures of both groups were compared. Results showed
that no similarities were found except for alkaloids, amines,
and amino acids.

One of the main differences is that commercial alkaloids
are methylated in their nitrogen to make them positive,
increasing their solubilities because of salt formation. In con-
trast, natural products have no positive nitrogen, rendering
themolecule neutral and pHdependent.Thus, the compound
may or may not be protonated, resulting in a change in its
solubility and consequently a change on the targeting tissues.

The comparison can perhaps be focused on the dis-
tribution of charges rather than by functional groups or
families of compounds, emphasizing the electron distribu-
tion. For example, a physical characterization such as the
heat of formation, the surface electrostatic potential, the
molecular weight, the surface tension, the refractive index,
the lipophilicity, and others has been used to characterize the
structure-activity relationship of alkaloids extracted from the
Amaryllidaceae family [187]. These alkaloids were selected
because of their ability to inhibit the effect of the acetyl-
cholinesterase enzyme.

Of special interest is the natural compound salvinorin A
isolated from the Mexican hallucinogenic Salvia divinorum
(Lamiaceae) used in the traditional medicine as an antidiar-
rheal. It has been reported that this compound inhibited the
intestinal motility through the activation of other receptors
such as 𝜅-opioid receptors (KORs). Upon inflammation of
the gut, the cannabinoid C, B1, and KOR receptors are
upregulated. It appears that salvinorin A interacts in the
cross-talk between these receptors with a reduction of the
inflammation as demonstrated in murine and guinea pig
models [188, 189].

Analysis of the similarities between synthetic and natural
antispasmodic structures is depicted in Table 5.

9. Conclusions

A large number of natural products with antispasmodic
activities have been reported. Although the use of plants
in traditional medicine is still relevant, it is necessary to
perform new studies to elucidate the mechanism of action



BioMed Research International 25

Table 5: Similarities between natural and synthetic compounds.
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Table 5: Continued.
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of antispasmodics. Moreover, more information about cyto-
toxicity and mutagenesis should be explored to ensure that
these compounds are safe for consumption. The findings of
this study corroborated the need for safety studies on plants
extensively used for primary health care in countries such as
Mexico. Such studies must be carried out before continuing
with the widespread use of some species, which may provoke
long-term and irreversible damage.
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[17] C. C. Câmara, N. R. F. Nascimento, C. L. Macêdo-Filho, F. B.
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Dı́az-Reval, and F. Pellicer, “Spasmolytic and antinociceptive
activities of ursolic acid and acacetin identified in Agastache
mexicana,” Planta Medica, vol. 78, no. 8, pp. 793–799, 2012.

[78] S. Begum, Farhat, I. Sultana, B. S. Siddiqui, F. Shaheen, and A.
H. Gilani, “Spasmolytic constituents from Eucalyptus camald-
ulensis var. obtusa leaves,” Journal of Natural Products, vol. 63,
no. 9, pp. 1265–1268, 2000.

[79] R. Aquino, S. Tortora, S. Fkih-Tetouani, and A. Capasso,
“Saponins from the roots of Zygophyllum gaetulum and their
effects on electrically-stimulated guinea-pig ileum,”Phytochem-
istry, vol. 56, no. 4, pp. 393–398, 2001.

[80] A. Trute, J. Gross, E. Mutschler, and A. Nahrstedt, “In vitro
antispasmodic compounds of the dry extract obtained from
Hedera helix,” Planta Medica, vol. 63, no. 2, pp. 125–129, 1997.

[81] N. Ali, “Brine shrimp cytotoxicity of crude methanol extract
and antispasmodic activity of 𝛼-amyrin acetate from Tylophora
hirsuta Wall,” BMC Complementary and Alternative Medicine,
vol. 13, article 135, 2013.

[82] A.-U. Khan, A.-H. Gilani, and Najeeb-Ur-Rehman, “Phar-
macological studies on Hypericum perforatum fractions and
constituents,” Pharmaceutical Biology, vol. 49, no. 1, pp. 46–56,
2011.

[83] E. J. Oliveira, M. A. Romero, M. S. Silva, B. A. Silva, and I. A.
Medeiros, “Intracellular calciummobilization as a target for the
spasmolytic action of scopoletin,” Planta Medica, vol. 67, no. 7,
pp. 605–608, 2001.

[84] V. Lakshmi, S. Kapoor, K. Pandey, and G. K. Patnaik, “Spas-
molytic activity of Toddalia asiatica var. floribunda,” Phytother-
apy Research, vol. 16, no. 3, pp. 281-282, 2002.
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“Relaxant properties of some aporphine alkaloids from Maho-
nia aquifolium,” Methods and Findings in Experimental and
Clinical Pharmacology, vol. 19, no. 9, pp. 589–597, 1997.

[135] K.-O. Hiller, M. Ghorbani, and H. Schlicher, “Antispasmodic
and relaxant activity of chelidonine, protopine, coptisine, and
Chelidonium majus extracts on isolated guinea-pig ileum,”
Planta Medica, vol. 64, no. 8, pp. 758–760, 1998.

[136] L. Rastrelli, A. Capasso, C. Pizza, N. De Tommasi, and L. Sor-
rentino, “New protopine and benzyltetrahydroprotoberberine
alkaloids from Aristolochia constricta and their activity on
isolated guinea-pig ileum,” Journal of Natural Products, vol. 60,
no. 11, pp. 1065–1069, 1997.

[137] R. C. Oliveira, J. T. Lima, L. A. A. Ribeiro et al., “Spasmolytic
action of the methanol extract and isojuripidine from Solanum
asterophorum Mart. (Solanaceae) leaves in guinea-pig ileum,”
Zeitschrift fur Naturforschung - Section C Journal of Biosciences,
vol. 61, no. 11-12, pp. 799–805, 2006.

[138] A.-U. H. Gilani, A. Khalid, Zaheer-ul-Haq, M. I. Choudhary,
and Atta-ur-Rahman, “Presence of antispasmodic, antidiarrhe-
al, antisecretory, calcium antagonist and acetylcholinesterase
inhibitory steroidal alkaloids in Sarcococca saligna,” Planta
Medica, vol. 71, no. 2, pp. 120–125, 2005.

[139] A. Khalid, Zaheer-Ul-Haq,M. N. Ghayur et al., “Cholinesterase
inhibitory and spasmolytic potential of steroidal alkaloids,”The
Journal of Steroid Biochemistry and Molecular Biology, vol. 92,
no. 5, pp. 477–484, 2004.

[140] Y. Zhang, Z. Long, Z. Guo et al., “Hydroxycinnamic acid amides
from Scopolia tangutica inhibit the activity of M1 muscarinic
acetylcholine receptor in vitro,” Fitoterapia, vol. 108, pp. 9–12,
2016.

[141] P. Pongkorpsakol, P. Wongkrasant, S. Kumpun, V. Chat-
sudthipong, and C. Muanprasat, “Inhibition of intestinal chlo-
ride secretion by piperine as a cellular basis for the anti-
secretory effect of black peppers,” Pharmacological Research,
vol. 100, pp. 271–280, 2015.

[142] R. Capasso, G. Aviello, B. Romano et al., “Modulation of mouse
gastrointestinal motility by allyl isothiocyanate, a constituent
of cruciferous vegetables (Brassicaceae): Evidence for TRPA1-
independent effects,” British Journal of Pharmacology, vol. 165,
no. 6, pp. 1966–1977, 2012.

[143] D.Kanjanapothi, P. Soparat,A. Panthong, P. Tuntiwachwuttikul,
and V. Reutrakul, “A uterine relaxant compound from Zingiber
cassumunar,” Planta Medica, vol. 53, no. 4, pp. 329–332, 1987.

[144] A. A. Moazedi, N. Dabir, M. K. Gharib Naseri, and M. R.
Zadkarami, “The role of NO and cGMP in antispasmodic
activity of Ruta chalepensis leaf extract on rat ileum,” Pakistan
Journal of Biological Sciences, vol. 13, no. 2, pp. 83–87, 2010.

[145] H. Sadraei, M. Ghanadian, G. Asghari, E. Madadi, and N. Azali,
“Antispasmodic and antidiarrhoeal activities of 6-(4-hydroxy-
3- methoxyphenyl)-hexanonic acid from Pycnocycla spinosa
Decne. exBoiss,” Research in Pharmaceutical Sciences, vol. 9, no.
4, pp. 279–286, 2014.

[146] H. Sadraei, M. Ghanadian, G. Asghari, and N. Azali, “Antidiar-
rheal activities of isovanillin, iso-acetovanillon and Pycnocycla
spinosa Decne ex.Boiss extract in mice,” Research in Pharma-
ceutical Sciences, vol. 9, no. 2, pp. 83–89, 2014.

[147] R. C. Webb, “SMOOTH MUSCLE CONTRACTION AND
RELAXATION,” Advances in Physiology Education, vol. 27, no.
4, pp. 201–206, 2003.

[148] “Copyright page,”Clinical Pharmacology&Therapeutics, vol. 73,
no. 6, p. 578, 2003.

[149] O. Wintersteiner and J. D. Dutcher, “Curare alkaloids from
Chondodendron tomentosum,” Science, vol. 97, no. 2525, pp.
467–470, 1943.

[150] H. H. Dale, W. Feldberg, andM. Vogt, “Release of acetylcholine
at voluntary motor nerve endings,” The Journal of Physiology,
vol. 86, no. 4, pp. 353–380, 1936.

[151] C. Galeffi, P. Scarpetti, and G. B. Marini-Bettolo, “Peinamine, a
newbisbenzylisoquinoline alkaloid from arrow tips (pei-namô)
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