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Abstract
Orthosiphon stamineus Benth. (Lambiaceae) is an important traditional plant for the treatment of hypertension. Previous
studies have demonstrated that the sinensetin content in O. stamineus is correlated with its vasorelaxant activity. However,
there is still very little information regarding the vasorelaxant effect of sinensetin due to a lack of scientiﬁc studies. Therefore,
the present study was designed to investigate the underlying mechanism of action of sinensetin in vasorelaxation using an
in vitro precontraction aortic ring assay. The changes in the tension of the aortic ring preparations were recorded using a
force–displacement transducer and the PowerLab system. The mechanisms of the vasorelaxant effect of sinensetin were
determined in the presence of antagonists. Sinensetin caused relaxation of the aortic ring precontracted with PE in the
presence and absence of the endothelium and with potassium chloride in endothelium-intact aortic rings. In the presence of
Nω-nitro-L-arginine methyl ester (nitric oxide synthase inhibitor), methylene blue (cyclic guanosine monophosphate lowering
agent), ODQ (selective soluble guanylate cyclase inhibitor), indomethacin (a nonselective cyclooxygenase inhibitor),
tetraethylammonium (nonselective calcium activator K+ channel blocker), 4-aminopyridine (voltage-dependent K+ channel
blocker), barium chloride (inwardly rectifying Kir channel blocker), glibenclamide (nonspeciﬁc ATP-sensitive K+ channel
blocker), atropine (muscarinic receptor blocker), or propranolol (β-adrenergic receptor blocker), the relaxation stimulated
by sinensetin was signiﬁcantly reduced. Sinensetin was also active in reducing Ca2+ release from the sarcoplasmic reticulum
(via IP3R) and in blocking calcium channels (VOCC). The present study demonstrates the vasorelaxant effect of sinensetin,
which involves the NO/sGC/cGMP and indomethacin pathways, calcium and potassium channels, and muscarinic and betaadrenergic receptors.

Introduction
Orthosiphon stamineus is a medicinal plant that is widely
used in Southeast Asia, especially in Malaysia, for the
treatment of hypertension and kidney stones. In clinical
studies, it has been tested as an additional regimen for
antihypertensive treatment [1]. Our previous results have
shown that the chloroform fraction of O. stamineus, which
contains 4.6% eupatorin and 2.99% sinensetin, possesses
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considerable vasorelaxant effects in an in vitro isolated rat
aorta model [2]. The most noteworthy result is from the
statistical analysis, which revealed that the amount of
eupatorin and sinensetin in the fractions correlated with the
strength of their vasorelaxant effects. After comparing the
amount of eupatorin in the chloroform fraction of O. stamineus with its vasorelaxation, we found that eupatorin is
not the only active ingredient that contributes to the
vasorelaxant effect of O. stamineus [3]. Xu and colleagues
suggested that ﬂavonoids are required to have 5-OH (i),
7-OH (ii), 4′-OH (iii), C2═C3 (iv), and C4═O (v) conﬁgurations in order to possess signiﬁcant vasorelaxant activity
[4]. Considering its chemical structure, sinensetin fulﬁlled
criteria (iv) and (v); therefore, we hypothesized that sinensetin (Fig. 1) may be one of the active ingredients of
O. stamineus that contributes to its vasorelaxant activity.
Hence, we designed the present study to investigate the
vasorelaxant effect and the mechanism of action of
sinensetin.
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Fig. 1 The chemical structure of sinensetin

Materials and methods
Acetylcholine (ACh), nifedipine, and phenylephrine (PE)
were purchased from Acros Organics (Belgium). Nω-nitroL-arginine methyl ester (L-NAME), indomethacin, tetraethylammonium (TEA), barium chloride (BaCl2), glibenclamide, 1H-[1,2,4]oxadiazolo[4,3-a]quinoxalin-1-one
(ODQ), 2-aminoethyl diphenylborinate (2-APB), atropine,
sinensetin, and propranolol were purchased from Sigma
Aldrich (USA). 4-Aminopyridine was purchased from
Merck (Germany). Ethylene glycol tetraacetic acid (EGTA)
was purchased from Calbiochem (Germany). Methylene
blue was purchased from Promedipharm Sdn. Bhd.
(Malaysia). All the chemicals (blockers or antagonists) were
dissolved in distilled water, except sinensetin, indomethacin, nifedipine, ODQ, 2-APB, and glibenclamide, which
were dissolved in 1% Tween 80.

Animals
Healthy adult male Sprague–Dawley rats (200–240 g) were
used in this experiment. The animals were kept under a 12/
12 h light/dark cycle and were allowed free access to food
and water. The investigation conforms to the Guide for the
Care and Use of Laboratory Animal by the Universiti Sains
Malaysia and Fujian University of Tradition Chinese
Medicine. All the procedures described herein were
approved by the Animal Ethics Committee USM; Animal
Ethics Approval No.: USM/Animal Ethics Approval/2016/
(103)(772).

Preparation of aortic rings
Healthy male Sprague–Dawley rats, weighing 250–300 g,
were used in this experiment. The rats were restrained in a
restrainer and were administered 8 psi of CO2 for 2 min for
euthanasia. The aorta was excised carefully and immersed
in Krebs–Henseleit (Krebs’) solution in a Petri dish. The
aorta was gently drained with Krebs’ solution to remove
excess blood and the adjoining tissue and fat. The isolated

aorta was then cut into 3–5 mm long segments. The clean
aortic ring was incubated in an organ bath containing 10 mL
Krebs’ solution, which was continuously aerated with carbogen (95% O2 and 5% CO2) at 37 °C. The suspended
aortic ring was allowed to equilibrate for 30 min under a
tension of 1 g. The Krebs’ solution was replaced every
10 min, and the tension was readjusted to 1 g if necessary.
The condition of the aortic ring endothelium was tested by
precontracting the ring using PE (1 µM), followed by
relaxation with the addition of ACh (1 µM). Aortic rings
that produced more than 60% relaxation in response to ACh
were considered to be endothelium intact. In some preparations, the endothelium was mechanically removed, and
the removal was conﬁrmed by the absence of relaxation or
relaxation of less than 10% with ACh treatment (1 µM) after
being precontracted with PE (1 µM). The aortic ring was
then rinsed with Krebs’ solution at least three times to allow
the tension to return to baseline before it was precontracted
with PE. When the contraction achieved a plateau, a
concentration–response curve was produced from the
cumulative addition of sinensetin (100 µL of 0.125–4 mg/
mL equivalent to 0.3–2.11 µM, pipetted into the organ bath)
at 20 min intervals for each concentration. The tension was
measured using the PowerLab system (AD Instrument,
Australia) equipped with a force–displacement transducer
(GRASS Force–Displacement Transducer FT03 C) and
LabChart 5 (AD Instrument, Australia).
Vasorelaxation, which is a measure of the inhibition
of contraction in aortic rings precontracted with PE or KCl
(60 mM), was determined as the percentage and was calculated as follows:


Co  Ci
% of vasorelaxation ¼
 100
C0
where Ci = the contraction of aortic rings with treatment;
and C0 = plateau contraction of aortic rings after being
precontracted with PE.

Determination of the effect of sinensetin on
PE-induced contraction in the presence of
indomethacin, L-NAME, methylene blue, ODQ,
or indomethacin
To determine the effects of PGI2, NO, sGC, and cGMP on
the vasorelaxant activity of sinensetin, endothelium-intact
aortic rings were incubated with indomethacin (COX inhibitor) (10 μM), L-NAME (NO synthase inhibitor) (10 μM),
ODQ (sGC inhibitor) (10 μM), or methylene blue (cGMPlowering agent) (10 μM) for 20 min prior to precontraction
with PE. Comparisons were made between the cumulative
concentration–response of sinensetin on the aortic rings
with and without preincubation with the above-mentioned
inhibitors [5].

Vasorelaxant effect of sinensetin via the NO/sGC/cGMP pathway and potassium and calcium channels

Determination of the effect of sinensetin on PEinduced contraction in the presence of K+ channel
blockers

Determination of the effect of sinensetin on PEinduced contraction in the presence of propranolol
and atropine

To determine the involvement of K+ channels in the
vasorelaxant effect of sinensetin, TEA (KCa blocker) (1 mM),
4-AP (KV blocker) (1 mM), BaCl2 (Kir blocker) (10 μM), or
glibenclamide (nonselective KATP) (10 μM) was applied to
endothelium-intact aortic rings for 20 min prior to precontraction with PE. Comparisons were made between the
cumulative concentration–response of sinensetin on the
aortic rings with and without pre-incubation with the abovementioned inhibitors [6, 7].

The effects of sinensetin on muscarinic and β-adrenergic
receptors were assessed using endothelium-intact aortic rings.
The experiments were designed to trigger the effect of
sinensetin as either a vasodilator or an agonist when bound to
these two receptors. The aortic rings were pre-incubated with
either atropine (1 µM) (antagonist of muscarinic receptor) or
propranolol (1 µM) (antagonist of β-adrenergic receptor) for
20 min prior to precontraction with PE. Comparisons were
made between the cumulative concentration–response of
sinensetin on aortic rings with and without pre-incubation
with the above-mentioned inhibitors and the control.

Determination of the effect of sinensetin on
extracellular calcium-induced vasoconstriction

Statistical analysis
To determine the effect of sinensetin on L-type calcium
channels, three sets of experiments were conducted, namely
control, nifedipine, and sinensetin groups. For the control,
the endothelium-intact aortic rings were allowed to stabilize
in normal Krebs’ solution for 30 min. The solution was then
replaced with Ca2+-free Krebs’ solution containing EGTA
(0.2 mM) for 30 min (the solution in the organ bath was
washed and replaced twice, 15 min each) in order to remove
Ca2+ from the tissues. The aortic rings were then rinsed in
Ca2+-free, K+-rich (50 mM) Krebs’ solution for 30 min (the
solution in the organ bath was washed and replaced
twice, 15 min each). Next, Ca2+ (0.01–10.0 mM) was
added cumulatively into the organ bath at 3 min intervals.
For the nifedipine group, the effects of cumulative additions
of Ca2+ (0.01–10.0 mM) into the organ bath were
recorded for 3 min at each concentration prior to incubation
with nifedipine (0.1, 0.3, and 1 µM) for 20 min. The
experiment for the sinensetin group was conducted in a
manner similar to that for the nifedipine group; however,
the aortic ring was pre-incubated with sinensetin (0.04,
0.15, and 0.58 µM) instead of nifedipine before contraction
with Ca2+ [7].

Determination of the effect of sinensetin on
intracellular Ca2+ release
The experiment was conducted to determine the relaxant
effect of sinensetin on the inhibition of intracellular Ca2+
release. Endothelium-denuded aortic rings were allowed to
stabilize in Ca2+-free Krebs’ solution for 20 min. The
Krebs’ solution was then replaced with EGTA (0.2 mM)
and Ca2+-free Krebs’ solution for 10 min. The aortic
rings were pre-incubated with sinensetin (0.04, 0.15, and
0.58 µM) or 2-APB (100 µM) for 20 min before PE (1 µM)
was added. The group that did not involve incubation with
sinensetin was considered the control [5].

The values are expressed as the mean ± S.D. Statistical
analysis was performed using one-way ANOVA, and
Dunnett’s post-hoc test was conducted using SPSS version
20 software. All tests were two-tailed, and the signiﬁcance
was set at P < 0.05. The pD2 value was calculated using the
formula pD2 = −log(EC50), where EC50 is the concentration that produces the half-maximal response. The data were
then tabulated using Microsoft Excel 2013.

Results
Sinensetin (0.03–2.11 µM) caused concentration-dependent
vasorelaxation of PE-contracted endothelium-intact aortic
rings (pD2 = 6.97 ± 0.09 and Emax = 108 ± 9.83%) (Fig. 2).
Further experiments were conducted to study the precise
mechanisms involved in the vasorelaxant effect of sinensetin by utilizing endothelium-denuded preparations of rat
aortic rings. As shown in Fig. 2, vasorelaxation was signiﬁcantly attenuated by endothelial denudation (pD2 < 4.68
and Emax = 31.38 ± 5.09%) (Table 1). In addition to using
PE to evoke contraction, the vasorelaxant effect of sinensetin was studied on KCl-constricted aortic rings (pD2 =
6.33 ± 0.22 and Emax = 70.97 ± 12.07%) (Fig. 3) (Table 1).

Role of endothelial factors in the vasorelaxant
effects of sinensetin
As shown in Fig. 4, the vasorelaxant activity of sinensetin
was signiﬁcantly reduced by not only indomethacin (pD2 =
6.73 ± 0.18 and Emax = 101.32 ± 8.14%) (Table 1) but also
L-NAME, ODQ, and methylene blue with pD2 values of
6.42 ± 0.05, 6.18 ± 0.13, and 5.52 ± 0.36, respectively, and
Emax values of 75.46 ± 5.48%, 76.72 ± 5.94%, and 52.69 ±
7.67%, respectively (Table 1).
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Fig. 2 Original isometric force
recordings (a) and vasorelaxant
effect (b) of sinensetin in
endothelium-intact and
endothelium-denuded rat aortic
rings precontracted by PE (N =
8). *** indicates signiﬁcance at
P < 0.001 compared to the
endothelium-intact aortic ring
group

Table 1 pD2 and maximum response for sinensetin-induced
vasorelaxation in different conditions or pretreated with various
antagonists in aortic ring
pD2

Emax

Endothelium-intact

6.97 ± 0.09

108 ± 9.83

Endothelium-denude

<5.67

31.38 ± 5.09***

KCl induced-contraction

6.33 ± 0.22

70.97 ± 12.07

Indomethacin

6.73 ± 0.18

101.32 ± 8.14

L-NAME

6.42 ± 0.05

75.46 ± 5.48***

ODQ

6.18 ± 0.13

76.72 ± 5.94***

Methylene blue

5.52 ± 0.36

52.69 ± 7.67***

TEA

6.66 ± 0.11

105.64 ± 7.37

4-AP

6.58 ± 0.11

88.5 ± 7.67**

Glibencamine

6.74 ± 0.15

93.9 ± 10.4*

BaCl2

6.86 ± 0.20

100 ± 5.35

Atropine

6.64 ± 0.13

102.66 ± 8.92

Propranolol

6.71 ± 0.13

95.4 ± 8.35*

Results are expressed as mean ± S.D. (N = 8); *, **, and *** indicate
signiﬁcant level at P < 0.05, P < 0.01, and P < 0.001, respectively,
compared to without pretreatment of antagonist

Role of K+ channels in sinensetin-induced
vasorelaxation
As seen in Fig. 5, 4-AP showed the strongest inhibition of
the vasorelaxant effect exerted by sinensetin among the

potassium channel antagonists, with pD2 = 6.58 ± 0.11 and
Emax = 88.5 ± 7.67%. TEA and glibenclamide signiﬁcantly
reduced the vasorelaxant activity of sinensetin, with pD2
and Emax values of 6.66 ± 0.11 and 105.64 ± 7.37%,
respectively, for TEA and 6.74 ± 0.15 and 93.9 ± 10.4%,
respectively, for glibenclamide (Fig. 5) (Table 1). On the
other hand, sinensetin-induced vasorelaxation was slightly
affected by BaCl2 (pD2 = 6.86 ± 0.20 and Emax = 100 ±
5.35%) (Fig. 5) (Table 1).

Role of β-adrenergic and muscarinic receptors in
sinensetin-induced vasorelaxation
Figures 6 and 7 show the effects of atropine and propranolol
on vasorelaxation by sinensetin. Atropine and propranolol
signiﬁcantly decreased the vasorelaxation effect of sinensetin, with pD2 and Emax values of 6.64 ± 0.13 and 102.66 ±
8.92%, respectively, for atropine and 6.71 ± 0.13 and
95.4 ± 8.35%, respectively, for propranolol.

Role of calcium channels in sinensetin-induced
vasorelaxation
As depicted in Fig. 8, sinensetin (0.04, 0.15, and 0.58 µM)
and nifedipine (0.1, 0.3, and 1 µM) signiﬁcantly reduced the
increase in contraction caused by the addition of calcium
ions into the organ bath chamber. The maximum contraction
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Fig. 3 Original isometric force
recordings (a) and vasorelaxant
effect (b) of sinensetin on
endothelium-intact aortic rings
precontracted by KCl (N = 8)

elicited by 3 mM calcium ion was 0.838 ± 0.10, and this was
diminished to 0.1 ± 0.02, 0.06 ± 0.02, and 0.03 ± 0.02 g by
nifedipine at 0.1, 0.3 and 1 µM, respectively. Sinensetin at
0.04, 0.15, and 0.58 µM also produced concentrationdependent vasorelaxation of 0.65 ± 0.06, 0.43 ± 0.12, and
0.31 ± 0.02 g, respectively, in aortic rings treated with 3 mM
calcium (Fig. 8). In the intracellular calcium release study,
PE induced transient contraction of 0.86 ± 0.09 g due to the
release of Ca2+ from the sarcoplasmic reticulum. Preincubation of the aortic rings with sinensetin at concentrations of 0.04, 0.15, and 0.58 µM signiﬁcantly attenuated PEinduced contraction to 0.57 ± 0.08, 0.37 ± 0.08, and 0.115 ±
0.04 g, respectively. 2-APB at 100 µM also signiﬁcantly
decreased the vasorelaxant effect to 0.02 ± 0.03 g (Fig. 9).

Discussion
Vascular tone is strictly regulated by both the vascular
endothelium and smooth muscles via stimulation by internal

or external vasoactive compounds acting on channels,
receptors, or enzymes in the blood [8, 9]. In the preliminary
screen, sinensetin exhibited a concentration-dependent
vasorelaxant effect on endothelium-intact aortic rings.
This vasorelaxant effect was signiﬁcantly decreased in
endothelium-denuded aortic rings. These ﬁndings indicate
that the vasorelaxant effect mediated by sinensetin is not
solely dependent on the endothelium but may be partially
affected by endothelium-independent relaxing factors.
Therefore, it can be concluded that sinensetin exerts
its effects via multiple mechanisms, including the antagonization of aortic ring contraction through direct (endothelium-independent) and indirect (endothelium-dependent)
vasorelaxation.
Vasoactive substances produced by the endothelium to
cause vasorelaxation are known as endothelium-derived
relaxing factors (EDRFs), which include nitric oxide (NO),
prostacyclin (PGI2), and endothelium-derived hyperpolarizing factors (EDHFs). Among these three EDRFs, NO and
PGI2 have been well-characterized, which is the main
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Fig. 4 Original isometric force
recordings showing the
inﬂuence of indomethacin,
L-NAME, methylene blue, and
ODQ (a) on the vasorelaxant
effect of sinensetin in
endothelium-intact aortic rings
(N = 8) (b). ** and *** indicate
signiﬁcance at P < 0.01 and P <
0.001, respectively, compared to
the endothelium-intact aortic
ring group

reason that the NO and PGI2 pathways were probed in the
vasorelaxation studies of sinensetin. The results from the
aortic ring preparations pre-incubated with L-NAME, ODQ,
or methylene blue showed a signiﬁcant reduction in the
vasorelaxant effect of sinensetin. This ﬁnding suggests that
the NO/sGC/cGMP pathways are involved in the vasorelaxant effect of sinensetin. NO is a potent vasodilator
produced from L-arginine by eNOS in the endothelium. The
vasorelaxant effect of NO is obvious only when it diffuses
from the endothelium into smooth muscles through adjacent
vascular smooth muscles. NO stimulates soluble guanylyl
cyclase (sGC) to convert guanosine triphosphate (GTP) into
cyclic 3′,5′-guanosine monophosphate (cGMP) [10].
Hence, the intracellular increase in cGMP activates protein
kinase G to decrease the intracellular calcium concentration
in smooth muscles, hence promoting the relaxation of
vascular smooth muscle cells (VSMCs). Moreover, in
VSMCs, NO indirectly stimulates the activation of the KCa,

Kir, and KV channels. With the activation of these channels,
the efﬂux of potassium is increased, which results in
membrane potential hyperpolarization, causing the closure
of voltage-operated calcium channels. This in turn decreases
Ca2+ inﬂux, and vasodilatation occurs [11].
In addition to NO, PGI2 is an important EDRF that is
involved in regulating vascular tone. PGI2 is produced from
the intermediate prostaglandin H2 via catalysis by prostacyclin synthase, while the intermediate prostaglandin H2 is
synthesized by COX. Because PGI2 is the key factor in the
regulation of vasorelaxation, the effect of sinensetin on
PGI2-dependent relaxation was also studied. Indomethacin
had an effect on the vasorelaxant effect of sinensetin, which
suggests that the PGI2 pathway might have contributed to
its effect.
In addition, the muscarinic acetylcholine receptor (M3)
plays an important role in the regulation of vasorelaxation.
Even though M3 receptors are found in both the
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Fig. 5 Original isometric force
recordings showing the
inﬂuence of TEA, 4-AP,
glibenclamide, and BaCl2 (a) on
the vasorelaxant effect of
sinensetin in endothelium-intact
aortic rings (N = 8) (b). *, **,
and *** indicate signiﬁcance at
P < 0.05, P < 0.01, and P <
0.001, respectively, compared to
the endothelium-intact aortic
ring group

endothelium and vascular smooth muscle, the Gαq-proteincoupled receptor is much more dominant in the endothelium
than in vascular smooth muscle. Therefore, the vasorelaxant
effect of acetylcholine was signiﬁcantly reduced when the
endothelium of the aortic ring was removed. Activation of
the M3 receptor stimulates the phospholipase C (PLC) signaling pathway cascade to produce both secondary messengers, IP3 and DAG, which results in an increased
concentration of Ca2+ in the cytosol of the endothelium.
These events are followed by the formation of calciumcalmodulin complexes, thus causing vasorelaxation [12,
13]. Atropine was shown to signiﬁcantly reduce the
vasorelaxant effect of sinensetin. Therefore, the results
suggest that sinensetin employs muscarinic receptors to
exert its vasorelaxation effect.
The results showed that the removal of the endothelium
markedly attenuated the vasorelaxant effect of sinensetin,
which suggested the involvement of endotheliumindependent relaxing factors such as the β2-adrenoreceptor.

The β2-adrenoreceptor is a Gαs protein-coupled receptor and
is present only on the membrane of VSMCs. The activation
of this receptor promotes the activity of adenylyl cyclase
(AC) to catalyze the breakdown of adenosine triphosphate
(ATP) to cyclic 3′,5′-adenosine monophosphate (cAMP),
thus inducing vasorelaxation [14]. The results clearly
showed that propranolol inﬂuenced the vasorelaxant effects
of sinensetin. These data suggested that the vasorelaxant
effect exhibited by sinensetin might involve the β2-adrenoreceptor pathway.
Other than the endothelium-independent mechanism
studies, the effects of sinensetin on potassium and calcium
channels were investigated [9, 15]. The calcium ion content
in the cytosol was strictly dependent on the membrane
potential of VSMCs. There are two processes for the entry
of calcium ions, extracellular inﬂux via VOCC and intracellular inﬂux via IP3R and ryanodine receptor. Once
potassium efﬂux has generated the electrochemical gradient
in the cytosol to reach hyperpolarization, the action
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Fig. 6 Original isometric force
recordings showing the
inﬂuence of atropine (a) on the
vasorelaxant effect of sinensetin
in endothelium-intact aortic
rings (N = 8) (b). * and ***
indicate signiﬁcance at P < 0.05
and P < 0.001, respectively,
compared to the endotheliumintact aortic ring group

potential will allow the entry of extracellular calcium
ions into the cytosol, which depolarizes the membrane
potential of VSMCs and subsequently causes vasoconstriction [9, 15]. Based on our results, we believe that
sinensetin inhibits Ca2+ inﬂux through VOCC, as well as
through inhibiting IP3R, thereby causing a decrease in
intracellular Ca2+ levels that leads to vasorelaxation. In
addition, the inﬂux of Ca2+ via calcium channels, especially
through ROCC and VOCC, causes a calcium spike in the
cytosol and results in calcium-induced calcium release via
ryanodine receptors [16, 17]. This results in a further
increase in intracellular Ca2+, which causes vasoconstriction. The results show that the vasorelaxant effect of
sinensetin not only is associated with the inhibition of Ca2+
inﬂux via VOCC and calcium release via IP3R but also
inhibits intracellular Ca2+ release from the ryanodine
receptor. These ﬁndings were conﬁrmed by studying the
PE-evoked contraction of endothelium-denuded aortic rings
in calcium-free Krebs’ solution. In this study, intracellular

calcium ions were removed with EGTA to ensure that the
contraction of the aortic ring after precontraction by PE was
caused only by calcium released from the sarcoplasmic
reticulum. Sinensetin was able to reduce vasoconstriction
evoked by PE in a dose-dependent manner, a ﬁnding that
clearly shows that sinensetin may antagonize the IP3
receptor, which contributes to calcium release from the
sarcoplasmic reticulum.
Potassium channels also play a vital role in the regulation
of vascular tone [18]. Potassium channels regulate the
electrochemical gradient in VSMCs by controlling the
action potential. The activation of potassium channels
causes membrane hyperpolarization due to the outward ﬂow
of potassium ions, thus inducing the closure of calcium
channels and preventing Ca2+ inﬂux, which leads to
vasorelaxation. The results of the present study show that
sinensetin-induced relaxation in endothelium-intact aortic
rings was reduced by treatment with K+ channels blockers,
namely, TEA, 4-AP, BaCl2, and glibenclamide. These
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Fig. 7 Original isometric force
recordings showing the
inﬂuence of propranolol (a) on
the vasorelaxant effect of
sinensetin in endothelium-intact
aortic rings (N = 8) (b). *, **,
and *** indicate signiﬁcance at
P < 0.05, P < 0.01, and P <
0.001, respectively, compared to
the endothelium-intact aortic
ring group

Fig. 8 Effect of sinensetin of CaCl2-induced vasoconstriction in isolated aortic ring (N = 8). *, **, and *** indicate signiﬁcance at P <
0.05, P < 0.01, and P < 0.001, respectively, compared to the group
without incubation with antagonists (control)

ﬁndings suggest that sinensetin could act as a K+ channel
opener to induce vasorelaxation in a manner similar to the
pathways that are antagonized by TEA, 4-AP, BaCl2, and
glibenclamide, which is evoked via KCa, KV, Kir, and KATP
channels.
Sinensetin is an important phytochemical found in
O. stamineus. In clinical studies, O. stamineus has been
tested as an additional regimen for antihypertensive treatment [1]. Our previous results have shown that the active
chloroform fraction of O. stamineus possesses excellent
vasodilatory effects on an isolated rat aorta in vitro model
[2, 3]. The most noteworthy previous publications showed
that the vasodilation effect of the chloroform fraction of
O. stamineus occurs via multiple pathways, primarily
involving the Kir, KCa, Kv and calcium channels, muscarinic
receptors and the NO pathway. The vasodilation effect of
sinensetin also occurs via multiple pathways but mainly
depends on the NO/sGC/cGMP pathway and calcium
receptor, which is not similar to the general trend of
O. stamineus activity. This alludes to the fact that sinensetin
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Fig. 9 Vasorelaxant effect of
sinensetin on PE-precontracted
endothelium-intact aortic rings
in Ca2+-free Krebs’ solution
(N=8) (b). Original isometric
force recordings showing the
inﬂuence of 0.04, 0.15, and
0.58 μM of sinensetin on the
vasorelaxant effect (a) in
endothelium-denuded aortic
rings in Ca2+-free Krebs’
solution.

may not be the only vasodilative phytochemical present
in O. stamineus. Moreover, the chloroform fraction of
O. stamineus at 8.75 µg/mL (containing 0.262 µg/mL of
sinensetin) causes 69.19% vasodilation in a PE-induced aortic
ring vasocontraction model, which is considerably higher than
the vasodilation effect of sinensetin at 0.262 µg/mL. Based on
this ﬁnding, we strongly believe that there might be other
vasodilative phytochemicals present in O. stamineus that
might exhibit synergism with sinensetin and potentiate its
effect on vasodilation. Therefore, there is a need to isolate
other vasodilative phytochemicals from O. stamineus and
investigate the relationships among the compounds on vasodilatory activity.
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