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Abstract Previous studies have investigated the cardio-
vascular activity of Gynura procumbens Merr. single-
solvent extracts. The objective of this study was to evaluate
the in vitro vasorelaxant properties and the underlying
pharmacological mechanisms of serial extracts and frac-
tions of Gynura procumbens (GP). The leaves of GP were
serially extracted with petroleum ether, chloroform,
methanol and water using the maceration method. Sus-
pended aortic ring preparations were pre-contracted with
phenylephrine (PE 1 pM), followed by cumulative addition
of GP extracts (0.25-3 mg/mL). The petroleum ether
extract (GPPE) was the most potent among the four
extracts. Pre-incubation of endothelium-intact aorta with
atropine (1 uM), indomethacin (10 pM), methylene blue
(10 uM), propranolol (1 pM) and potassium channel
blockers such as TEA (1 uM), glibenclamide (10 pM),
4-aminopyridine (1 pM) and barium chloride (10 mM) had
no effect on GPPE-induced vasorelaxation. The vasore-
laxant effect of GPPE was partly diminished by
pretreatment of aortic rings preparations with L-NAME
(10 uM) and even more so in endothelium-denuded aortic
rings, indicating a minimal involvement of endothelium-
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dependent pathway in GPPE-induced vasorelaxation. The
calcium-induced vasocontractions were antagonized sig-
nificantly and concentration-dependently by GPPE in
calcium free and high potassium medium. These results
illustrate that Ca®" antagonizing actions of GPPE in rat
isolated aorta are comparable to that of verapamil and may
be mainly responsible for its vasodilation effect. The
antioxidant activity of GPPE supports its vasorelaxant
effect by attenuating the production of deleterious free
radicals and reactive oxygen species in the vasculature.
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Introduction

With a preference for traditional medicines by most rural
communities in developing countries and the high cost of
conventional medical treatment, it is no surprise that the
importance of folkloric medicine has gained profound
acceptance and is being considered in primary health-care
systems as alternative forms of therapy (Benzi and Ceci
1997; WHO 1998). In the context of global disease burden,
cardiovascular diseases (CVDs) remain the leading cause
of mortality in the world (De Reuck 2010; Kannan and
Janardhanan 2014; Lackland et al. 2016). The prevalence
of cardiovascular diseases in developing countries is stea-
dily approaching that of developed and industrialized
nations (Fuster and Kelly 2010). Agents that can act to
modulate arterial wall structure and function in addition to
lower blood pressure may lead to a novel approach in the
prevention of cardiovascular morbidities.

Gynura procumbens Merr. (GP; Compositae) is an
important medicinal plant in Southeast Asia. This tropical
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herbaceous plant produces purple tubular bisexual flowers,
highly branched with hairy green leaves which are arran-
ged alternately on hairy purple stem (Keng et al. 2009). G.
procumbens has been used as a herbal remedy for diseases
such as diabetes, hypertension, urinary infection, inflam-
mation and allergy (Jiratchariyakul et al. 2000; Bohari
et al. 2006). The leaf extracts of G. procumbens has been
reported to reduce the high serum cholesterol and triglyc-
eride levels in diabetic rats (Akowuah et al. 2002). The
medicinal potency of G. procumbens in the management of
cardiovascular-related complications has been well estab-
lished by previous studies (Abrika et al. 2013; Hoe et al.
2007; Kaur et al. 2012, 2013). While these cited studies can
be referred to with regard to its cardiovascular effect, the
findings are limited to the overall physiological effect with
little emphasis on investigating the putative dynamics of its
pharmacological modulation of the vascular system. The
extraction method used in these studies focused on the
polar constituents, thus shunning the identification of
potential non-polar bioactive constituents. Moreover, no
tentative effort in identifying the latent constituents
underlying the observed effect has been done. In view of
these limitations, the current research was conducted to
investigate the possible mechanism of action of the active
portion of the extract and to also make attempts at identi-
fying the vasoactive moieties within the cocktail of
constituents in the extract using an in vitro aorta ring
experimental approach.

Materials and methods
Plant material and preparation of crude extract

Fresh green leaves of G. procumbens were collected from
the Agricultural Center, Penang. The plant was identified at
the Herbarium, School of Biological Sciences, Universiti
Sains Malaysia (voucher specimen 10833). The powdered
leaves were successively extracted by a maceration process
at 45 °C in a water bath, with solvents of ascending
polarities to obtain four different solvent extracts, namely
petroleum ether (GPPE), chloroform (GPCL), methanol
(GPME) and water (GPWE) extract. All the extracts were
concentrated by a rotary evaporator (Buchi, Switzerland).
The concentrated extracts were dried, and the yields were
calculated.

Chemicals and drugs
Atropine sulfate, acetylcholine chloride (ACh), indo-
methacin, glibenclamide, phenylephrine hydrochloride

(PE), methylene blue, propranolol hydrochloride, L-
NAME, verapamil chloride and chemicals for antioxidant
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assays were purchased from Sigma-Aldrich (Germany).
Other chemicals and reagents used were of analytical
grade.

Study design and experimental animals

Adult male Sprague-Dawley (SD) rats weighing
250-300 g, were obtained from the Animal Research and
Service Centre (ARASC), Universiti Sains Malaysia. The
rats were fed normal commercial rat chow (Gold Coin Feed
Mills Sdn. Bhd., Malaysia) and water ad libitum. All pro-
cedures on animals were carried out with the consent of the
Animal Ethics Committee, USM [Animal ethics approval
number: USM/Animal Ethics Approval/2015/(h 96)/(670)].

Preparation of rat thoracic aorta rings

Rats were euthanized with carbon dioxide gas in a cham-
ber. The chest was opened by a midline incision from the
neck region down to the abdominal cavity to expose the
thoracic aorta. The aorta was removed gently and placed in
a Petri dish containing Krebs’s physiological solution
(KPS) aerated with carbogen gas (95% oxygen and 5%
carbon dioxide). The surrounding fat and connective tissue
on the aorta tissue was carefully removed, and the cleaned
tissue was cut into 3-5 mm-long rings. Aortic rings were
suspended horizontally in tissue chambers containing
10 mL. KPS. The KPS in the tissue chamber was continu-
ously aerated with carbogen at 37 °C. Suspended aortic
rings were equilibrated at a resting tension of 1.0 g for
40 min. The tension was adjusted to 1.0 g if needed
throughout the experiment. The KPS in the tissue chamber
was replaced every 15 min. Before the protocol was star-
ted, contractile responsiveness of the aortic rings was tested
by exposure to phenylephrine (PE, 1 ptM). Responses were
recorded via a force displacement transducer connected to
the Power Lab (Ameer et al. 2010; Idris et al. 2015). In all
aortic ring experimental protocols, the concentrations rep-
resent the final tissue chamber concentration (containing
10 mL KPS).

Pharmacological studies
Vasorelaxation by G. procumbens extracts

After the initial equilibration of the suspended aortic rings,
rise in tension (contraction) was induced with phenyle-
phrine (PE 1 pM) until a stable plateau is attained. This is
followed by cumulative additions of the four solvent
extracts (at a concentration of 0.25, 0.5, 1, 2 and 3 mg/mL
in 100 pL) to assess the vasodilation effects of the extracts.
A similar protocol was repeated for each solvent extract at
the same concentrations. Each experiment was conducted
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on six to eight aortic ring preparations for statistical anal-
ysis. The changes in tension after addition of the extract (at
each concentration point) were recorded and the relative
vasodilation induced by the extracts (% relaxation) was
calculated with the formula below:

Tc — Tt
% Relaxation = < ¢ ) x 100,
Tc

where Tc represents the change in resting tension after
contraction with PE (1 uM) and Tt represents the change in
resting tension after addition of the extract/fraction.

Vasorelaxation mechanism of G. procumbens petroleum
ether extract (GPPE)

The most potent of the four solvent extracts was subjected
to further assessment. The mechanism study was conducted
to examine the role of different intrinsic regulatory path-
ways on petroleum ether extract (GPPE)-induced vascular
relaxation. In the experimental setup, known concentra-
tions of the antagonistic agents were added to the tissue
chamber 20 min before the addition of PE (1 pM) and the
relaxations induced by GPPE was measured in their pres-
ence. The relaxation effect of GPPE on the aortic rings in
the absence of the antagonist(s) served as control before
pre-incubation of the aortic rings with the antagonist. In
experiments requiring endothelium-denuded aortic rings,
the endothelium was removed by gentle rubbing of the
intimal surface of the aortic rings with a blunted gauge 18
needle, and denudation of endothelium was confirmed by
complete lack of relaxations to ACh (1 uM) of rings pre-
contracted with PE (1 uM) (Bello et al. 2015).

Involvement of endothelium-dependent pathways

To study the possible involvement of muscarinic receptor,
endothelium-derived nitric oxide (EDNO) and prostacyclin
(PGI,) pathways, suspended endothelium-intact aortic
rings were pre-incubated with atropine (1 pM), a compet-
itive non-selective muscarinic receptor antagonist, L-N-
nitroarginine methyl ester (L-NAME, 10 uM), a nonspeci-
fic NOS inhibitor, and indomethacin (10 uM), a non-
selective cyclooxygenase inhibitor, respectively, followed
by contraction with PE (1 pM). Cumulative concentrations
of the extract (0.25-3) were added to the pre-contracted
rings and the relaxation effect of the extract in the presence
and absence (control) of the antagonists was compared.

Effect of potassium channel blockers
The involvement of potassium channels (K-channels) in

the relaxation mechanism of GPPE was assessed on sus-
pended endothelium-denuded aortic rings pre-incubated

with different K channel antagonists: tetraethyl ammonium
chloride (TEA 10 pM, a non-selective potassium channel
blocker), glibenclamide (1 pM, a selective ATP-sensitive
potassium channel blocker), 4-aminopyridine (1 uM,
voltage-dependent potassium channel inhibitor) and barium
chloride (10 uM, inward rectifier potassium (Kir) channel
inhibitor).

Involvement of B-adrenergic receptors

To observe the possible participation B-adrenergic receptor
activity, relaxations to GPPE (0.25-3 mg/mL) were con-
structed on endothelium-denuded aortic rings pre-
incubated with propranolol (1 uM), a non-selective f-
adrenergic receptor blocker, in aortic rings pre-contracted
with PE (1 uM).

Inhibition of extracellular influx through L-type Ca®™
channel

To study the role of L-type calcium channels in the
relaxation mechanism of the extract solution, denuded
aortic rings were stabilized in normal Krebs’s solution for
1 h, which was then replaced with Ca’t free Krebs’s
solution containing a chelating agent, ethylenediaminete-
traacetic acid (EDTA 0.1 mM) for 30 min to remove Ca>"
from the tissue. This solution was then replaced with K*-
rich and Ca*"-free Krebs’s solution devoid of EDTA.
Following an incubation period of 30 min, the effects of
cumulative additions of Ca®" (1.00E—4 to 3.00E—2 M) to
the tissue bath were recorded for 3 min for each concen-
tration before and following tissue incubation (20 min)
with three different concentrations of verapamil (0.1, 0.3
and 1 pM) and in another set of experiments with three
different concentrations of GPPE (0.5, 1 and 2 mg/mL).

GC-MS analysis preparation and chromatographic
condition

GPPE and its fractions (1 mg/mL) were used for gas
chromatography—mass spectrometry (GC-MS) analysis.
The analysis was carried out on GCMS Agilent 6890N/
59731 (Network GC system). Interpretation on mass
spectrum of GC—MS was done using the database of the
National Institute Standard and Technology (NIST 02).
The percentage of the identified constituent was computed
using total ion chromatogram.

Antioxidant assays
The antioxidant assays were performed using all the

extracts of G. procumbens at 10 mg/mL concentration. All
determinations were prepared in triplicate. Absorbance was
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calculated by Lab-System Multiscan MS microplate reader
(Model No. 354; Helsinki, Finland).

Total phenolic content

Total phenolic contents were estimated using Folin—Cio-
calteu assay using gallic acid as reference standard
(Kumaran and Karunakaran 2006). In this assay, Folin—
Ciocalteu reagent, sodium carbonate, standard test samples
and distilled water were mixed in a test tube in a ratio of
5:15:1:79 in a total volume of 200 pL. After incubation of
2 h at room temperature, the absorbance at 765 nm of each
test sample was recorded. The phenolic content was cal-
culated as ng gallic acid equivalent/mg of dry extract (Tan
and Lim 2015).

Total flavonoid content

Aluminum chloride method was used to calculate the total
flavonoid content using quercetin as a reference standard
(Orhan et al. 2011). The extract and standard solution
(100 pL) were mixed with 20 pL (10%, w/v) aluminum
chloride, 20 pL. of 1 mol/L sodium acetate, 300 puL
methanol and 560 pL distilled water. Then, 30 min after
incubation at room temperature, the absorbance was cal-
culated at 415 nm. Then results were shown as Ng
quercetin equivalent/mg dry extract.

DPPH assay

DPPH radical scavenging activity was estimated using the
method described by Wang et al. (2007). A known con-
centration of the test samples was prepared in MeOH:H,0
(1:1) and then an aliquot of 100 pL of the sample solution
was added to 100 pL of DPPH (200 pumol/L prepared in
methanol). The mixed solution was incubated at room
temperature for 30 min. Morin and ascorbic acid were used
as reference standards. The amount of remaining DPPH
was determined at 517 nm. The results were reported as
ECs5, the concentration at which the scavenging activity is
50%.

ABTS radical scavenging assay

ABTS radical scavenging activity was measured as
described by Re et al. (1999). ABTS radical cation
(ABTS™) solution was prepared by mixing 14 mmol/L
ABTS and 4.9 mmol/L potassium persulfate solutions in
equal volumes. The solution was kept in dark at room
temperature for 16-20 h to start the reaction. Then, 1 mL
of the solution was diluted with 40 mL de-ionized water to
yield working ABTS solution with an absorbance of
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0.70 £ 0.02 at 734 nm. To 180 pL. of ABTS working
solution, 20 pL. test samples (six concentrations) was
added. The absorbance of the samples was interpreted at
734 nm after 6 min. Ascorbic acid was used as reference
standards (Re et al. 1999). The results are shown as ECs,
which is the concentration at which the scavenging activity
is 50%.

Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was performed by the method of Benzie
and Strain (1996). Each test sample (50 pL) was added to
FRAP working solution (150 pL; contains 300 mmol/L
acetate buffer, pH 3.6, 10 mmol/L TPTZ in 40 mmol/L
HCI and 20 mmol/L. FeCl; in a ratio of 10:1:1). The
reaction mixtures were incubated for 8 min and the
absorbance was measured at 600 nm. Ferrous sulfate
(FeSO4-7H,0) was used as reference standard. The results
were shown as nmol Fe?" equivalent/pg dry extract.

Statistical analyses and data presentation

All values were given as mean == SEM and # indicates the
number of determinations performed for each experiment.
The data were analyzed using two-way ANOVA, followed
by Dunnett post hoc test. Probability values (p values) of
less than 5% (p < 0.05) are considered significant when
compared with control experiments. p values are expressed
as *p < 0.001, **p < 0.01 and *p < 0.05.

Results
Vasorelaxation effect of the G. procumbens extracts

Addition of PE (1 pM) induced a sustained contraction in
the isolated aortic ring preparations. It was observed that
with cumulative addition of GP extracts to the tissue
chamber, there was concentration-dependent reduction in
the PE contractions. G. procumbens petroleum ether
extract (GPPE) was the most potent vasorelaxant among
the four extracts with a maximum relaxation (R;..) of
89.4 £ 5.8%, followed by chloroform extract with
64.7 &+ 5.4%. Methanol extract gave a mild relaxation of
15.7 &+ 13.2%. In contrast, cumulative addition of water
extract rather increases the tonic contraction of the aortic
rings (Rpax = — 31.0 £ 5.8%) (Fig. 1a).

Liquid-liquid fractionation of GPPE gave two fractions:
the acetone-soluble and -insoluble fractions (AF and AIF),
of which AF was more active in the vasodilation of aortic
rings. Compared to its fractions, GPPE showed more potent
vasorelaxant activity (Fig. 1b).
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Fig. 1 Concentration- A
dependent vascular effects of
a extracts of Gynura
procumbens (0.25-3 mg/mL)
and b fractions of Gynura
procumbens petroleum ether
extract (0.25-3 mg/mL) on rat
aortic rings pre-contracted with
PE. Contractions are expressed
as percentage of the initial
contraction induced by PE

100+

50

Relaxation (%)

-50 T

B 60—

40|

20

Relaxation (%)

(1 uM). Results are expressed
as mean = SEM (n = 8)

0 1

—®—  Petroleum ether extract

—#—  Chloroform extract

Vasorelaxation mechanism of GPPE

The following experiments were conducted to explore the
underlying pharmacological mechanisms of GPPE.

Involvement of endothelium-dependent pathways

Removal of the endothelium caused a rightward shift (de-
crease) in the relaxation curve of GPPE (0.25-3 mg/mL) at
a concentration of 1 and 2 mg/mL (p < 0.01-0.05). How-
ever, the maximum relaxation (R ,,x) Was not significantly
affected. Similarly, pre-incubation of endothelium-intact
aortic rings with L-NAME (10 uM) did mildly inhibit the
vasorelaxant effects of GPPE (0.125-3 mg/mL) with a
p <0.05 at 1 mg/mL, but not statistically significant at
other concentrations (Fig. 2). Interestingly, pretreatments
with atropine (1 pM) and indomethacin (10 pM) caused a

50 =

Relaxation (%)

—©—  control (E+)
——  Endothelium denuded (E-)
100 =
—— E+L-NAME

T T T
0 1 2 3

Concentration (mg/ml)

Fig. 2 Relaxation effect of Gynura procumbens petroleum ether
extract on rat aortic rings with intact endothelium (E+; control) and
denuded endothelium (E—) on aortic rings pre-incubated with the
NOS inhibitor, L-NAME (10 uM). Values are expressed as mean =+ -
SEM (n = 8) aortic ring experiments. Statistical significance
(p value) was measured by two-way ANOVA. *p < (0.05),
**p < (0.01) vs control (—Q—)

T
2

Concentration (mg/ml)

—4— methanol extract

—¥—  Aqueous extract

T 1 -10 T
0.0 0.5

T T
1.5 2.0

T
1.0
Concentration (mg/ml)
—@—  Petroleumtether extract

—o— Fraction 1 —&—  Fraction 2

statistically significant left shift (increase) in the vasore-
laxant responses to GPPE (Fig. 3).

Involvement of endothelium-independent pathways

Pretreatments of endothelium-denuded aortic rings with
propranolol (1 pM) and methylene blue (10 pM) did not
elicit significant effect on GPPE-induced vasorelaxant
responses (Fig. 4).

Effect of potassium channel blockers in GPPE-induced
relaxation

Denuded aortic rings showed no significant variation in the
vasorelaxation effect of GPPE after incubation with vari-
ous K* channel blockers, except in glibenclamide
pretreated rings at 3.0 mg/mL (p < 0.05, Fig. 5). It is

50 =

Relaxation (%)

—8—  E+ atropine
100 || —®— Control (E+)

—HB—  E+ Indomethacin

L] L] L]
0 1 2 3
Concentration (mg/ml)

Fig. 3 Effect of atropine (10 pM) and indomethacin (1 pM) on the
Gynura procumbens petroleum ether extract (GPPE)-induced relax-
ation on endothelium-intact aortic rings pre-contracted with
phenylephrine (1 uM). Results are expressed as the mean £ SEM
of at least eight aortic ring experiments. Statistical significance
(p value) was measured by two-way ANOVA. *p < (0.05),
**p < (0.01) vs control (—Q—)
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L] L]
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Fig. 4 Effect of propranolol (10 uM) and methylene blue (10 pM)
on the GPPE-induced relaxation on endothelium-intact aortic rings
pre-contracted with phenylephrine (1 uM). Results are expressed as
the mean + SEM of eight aorta ring experiments

obvious that K* channel blockers do not have any major
influence on GPPE-induced vasodilatation.

Inhibition of extracellular influx through L-type Ca®™
channel

Pre-incubation of aortic rings with GPPE (0.5, 1 and 2 mg/
mL) in high K*- and Ca*"-free Krebs’s solution signifi-
cantly antagonized the maximum contraction induced by
the addition of extracellular CaCl, (1-5 mol/L) in a con-
centration-dependent manner (Fig. 6a). In comparison,

Fig. 5 Effect of K* channel

verapamil also significantly attenuated the CaCl,-induced
vasoconstriction (Fig. 6b). These results showed that
GPPE-induced vasodilations may be mediated via inhibit-
ing extracellular Ca>" influx in smooth muscle cells in a
manner comparable to verapamil.

GC-MS analysis

GC-MS analysis of GPPE allowed the identification of
volatile components. The compounds with library quality
of more than 90% and their concentration (peak area %) are
presented in Table 1. Two compounds from the library
have been reported to possess vasorelaxant activity: ursolic
acid (chromatogram is shown in Fig. 7) and spathulenol
(chromatogram is shown in Fig. 8).

Antioxidant assay

The chemical analysis of GPPE is summarized in Table 2.

Discussion

It is evident from the current findings that modulation of
blood vessel diameter is involved in the vasodilatory
activity of G. procumbens with the petroleum ether extract
showing the highest potency.

Further assessment of the vasodilation effect of GPPE
on isolated intact aortic ring preparations pre-incubated

0 0
blockers: TEA (1 pM),
glibenclamide (10 uM),
4-aminopyridine (1 pM) and _ =
. . e X
barium chloride (10 mM) on the S 504 < 507
. . =
GPPE-induced relaxation on £ £
. . <
endothelium-denuded aortic z —e— Control (E-) é . ¢ e
rings pre-contracted with & . TEA = ontrol (E-)
phenylephrine (1 pM). Results 100 100] ™ 4AP
are expressed as the
. T T T T T T
mean + SEM of eight aorta 0 1 N 3 0 1 N N
ring experiments )
Concentration (mg/ml) Concentration (mg/ml)
0 0
= 50 = 50
I =
= =
E E
& —e— Control (E-) & —e— Control (E-) .
1004 ™ Baci2 1004 ™ ©LB
T T T T T T
0 1 2 3 0 1 2 3

Concentration (mg/ml)
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Fig. 6 Inhibitory effect of A
a GPPE (0.5, 1 and 2 mg/mL)
and b verapamil (0.1, 0.3 and

1 uM) on the contraction—
response curves for CaCl,

(1-5 mol/L) determined in
Ca®"-free solution containing
KCI (80 mM). Results are
expressed as the mean + SEM
of eight aorta ring experiments.
Statistical significance (p value)
was measured by two-way ‘ ‘

0.0
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0.4

Contraction (g)

0.6
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o
S}
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—&—  Verapamil 0.3 uM —¥—  Verapamil 1 uM

Table 1 The main phytocomponents related to the vasorelaxant activity in petroleum ether extract of Gynura procumbens identified by GC-MS

PK# RT  Area Identified compound name Biological activity % References
Quality
31 8.36 2.10 Phenol, 2,4-bis(1,1- Antioxidant 95 Alok and Suneetha (2014)

dimethylethyl)

39 8.86 0.57 (—)-Spathulenol Vasorelaxation in a smooth muscle relaxant manner 95 Samuel et al. (2012)
59 Heptacosane Antioxidant 91 Akpuaka et al. (2013)
73 Hexadecanoic acid, methyl Antioxidant 97 Sheela and Uthayakumari
ester (2013)
113 12.75 1.46 Phytol Antioxidant, antimicrobial, antiinflammatory, 94 Pressy et. al. (2015)
anticancer and diuretic
125 13.35 0.29 1-Chloroeicosane Antioxidant and antimicrobial 93 Kaliyan et al. (2016)
154 Squalene Antioxidant 96 Kumari et al. (2012)
154 2,6,10,14,18-Pentamethyl- Antioxidant, antibacterial and anticancerous 93 Karunamoorthy et al.
2,6,10,14,18-eicosapentaene (2011)
159 Nonacosane Antihypertensive, vasodilator, angiotensin AT2 96 Mallikadevi et al. (2012),
receptor antagonist, saluretic and antibacterial Akpuaka et al. (2013)
177 19.05 1.48 Vitamin E Antioxidant 98 Elena et al. (1991)
177 D, alpha-tocopherol Antioxidant 93 Elena et al. (1991)
184 22.63 1.56 gamma-Sitosterol Anticancerous, antiinflammatory and cardioprotective 96 Loizou et al. (2010), Awad

192 27.09 0.76
methyl ester, (4)-

Urs-12-en-24-oic acid, 3-oxo-, Vasorelaxation in an endothelium-dependent manner 94

et al. (2000)
Samuel et al. (2012)

with atropine (a non-selective muscarinic receptor antag-
onist) did not antagonize the vasorelaxant properties of
GPPE. This observation allowed us to conclude that there
is no participation of direct muscarinic receptor activation
in the vasorelaxant effect of GPPE (Fukumura et al. 2001;
Guedes et al. 2004). The participation of the vasodilator
cyclooxygenase (COX) products (prostacyclins, throm-
boxanes) was also explored in intact aortic ring
preparations that were pre-incubated with indomethacin, a
non-selective COX inhibitor (Tibirica et al. 2007). The
inhibition of PE-induced contraction by GPPE was rather
augmented by indomethacin pretreatment. It can be

deduced that GPPE contains active constituents that neu-
tralize the inhibitory effect of indomethacin while
enhancing the activity of COX enzymes (Herrmann et al.
1990).

Kim et al. (2006) investigated the antihypertensive poten-
tial of the water extract of GP and postulated a functional
involvement of nitric oxide (NO) release in the positive result.
This postulation contrasts with our findings where incubation
with L-NAME, a competitive inhibitor of NOS, indicates an
overall non-significant decrease in GPPE-induced relaxation.
It should be noted that the serial extraction technique used in
our studies differ from the single extraction approach, which
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Fig. 7 GC-MS chromatogram of petroleum ether extract of Gynura procumbens. The peaks are labeled to indicate the retention time (RT). Peak

indicates the presence of ursolic acid
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Fig. 8 GC-MS chromatogram of petroleum ether extract of Gynura procumbens. The peaks are labeled to indicate the retention time (RT). Peak

indicates the presence of spathulenol

may account for the variant results. Moreover, the previous
study was conducted in vivo. Denudation of the endothelium
was observed to have minimal effect on the relaxation curve of
GPPE. This further confirms the negligible role played by
endothelium-derived factors.

The effect of NO on smooth muscle cells is mediated via
the activation of the soluble guanylate cyclase-cGMP path-
way (Ajay et al. 2003; Tibirica et al. 2007). To assess the
possible direct activation of the sGC/cGMP pathway by

@ Springer

GPPE, endothelium-denuded aortic rings were incubated with
methylene blue, a non-selective sGC blocker. According to
our results, methylene blue did not block the vasorelaxant
properties of GPPE. Similarly, pre-incubation with propra-
nolol (1 uM) and potassium channel blockers, glibenclamide
(10 uM), TEA, BaCl, and 4-AP, did not block the vasore-
laxant responses of GPPE.

The contraction of vascular smooth muscle is mediated by
an increase in free cytoplasmic Ca>* level by the opening of
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Table 2 Chemical analysis of GPPE showed the presence of phenolic compounds, flavonoids, free radical scavenging activity and total

antioxidant activity

Sample Total phenolics (pg gallic acid Total flavonoids (ng quercetin DPPH ECs, ABTS ECs,  FRAP nmoL Fe't?
equivalent/mg extract) equivalent/mg extract) (pg/mL) (pg/mL) equivalent/mg extract
GPPE 155.90 &+ 2.03 295.93 £+ 3.64 54.04 & 2.85 199.75 £25 89.69 + 1.18
GPCE  157.56 £ 0.44 472.10 + 6.28 72.57 £ 1.51 14794 £7.0 125.70 £ 3.92
GPME 25.19 £ 0.32 58.07 £+ 1.06 74.88 £ 3.65 10848 £29  47.03 £ 0.38
GPWE 27.75 £ 0.55 36.31 £+ 20.96 34630 £ 3.4 57846 £5.0 49.52 + 0.57
Vitamin 430 +£0.03 3.62 £ 0.05
C

voltage-dependent calcium channel (VDCCs) and receptor-
operated calcium channels (ROCCs) located on cell mem-
branes (Thorneloe and Nelson 2005; Xiong and Sperelakis
1995). These channels might be activated by high extracel-
lular K* for VDCC and PE for ROCC, but by different
pathways (Karaki et al. 1997; Meisheri et al. 1981; Somlyo
and Somlyo 1994). GPPE was observed to exert a significant
(p < 0.001) inhibitory effect against the attainment of
maximum contraction by aortic rings in a Ca**-free depo-
larized medium upon the addition of CaCl,. Verapamil, a
classical L-type VDCC blocker, displayed similar inhibitory
effect on CaCl,-induced contraction. This suggests that
GPPE appears to bring about relaxation of the vascular
smooth muscle (VSM) by blocking the Ca** channels of the
VSM in a similar pattern to verapamil. Similar finding is
reported by Hoe et al. (2011).

Intrinsic production of free radicals and reactive oxygen
species (ROS) plays a pivotal role in the pathophysiology of
many diseases. Studies have shown that vascular cells,
including endothelial cells, smooth muscle cells, adventitial
fibroblasts and resident macrophages, produce ROS (Max-
well and Lip 1997). These deleterious molecules disrupt the
functional integrity of the vasculature and can cause vascular
injury, leading to atherosclerosis and other forms of CVDs.
Chemical analysis of GPPE showed the presence of con-
siderable amounts of polyphenolic and flavonoid
constituents having potential free radical scavenging and
antioxidant actions. It can be postulated that the antioxidant
activity of GPPE further augments its vascular function.

According to GC-MS reports of GPPE as shown in
Table 1, ursolic acid, spathulenol, vitamin E, squalene and
phytols are present. Phenols, phytol and alkaloids obtained
from therapeutic plants possess antihypertensive and vasore-
laxant activities (Maione et al. 2013). Squalene fully blocked
the effects of squalestatin or simvastatin on homocysteine-
induced endothelial dysfunction. These suggestions explain
that the mevalonate pathway mediates homocysteine-induced
dysfunction of endothelium as well the oxidative pathway.
Interference in the mevalonate pathway and oxidative path-
way provides effective protection of endothelial function

(Zhang et al. 2012). The vitamin E supplement of 200 IU/day
is effective in hypertensive patients in the long term, maybe
due to nitric oxide (Boshtam et al. 2002). Ursolic acid has
many pharmacological activities including vasorelaxant
effect in endothelium-intact rat aorta rings, through release of
NO to vascular smooth muscle (Luna-Vazquez et al. 2016).
Spathulenol has been isolated and is a possible smooth muscle
relaxant agent (Akter et al. 2016; Perez-Hernandez et al.
2009).

In this context, researches are in progress to deliver new
data to clarify the precise mechanism. Yet, there is need for
further investigations. The presence of various bioactive
compounds and their therapeutic properties justify the use of
whole plants for various ailments by traditional healers. The
identification of compounds is based on GC-MS library
match, which is not sufficient for a tentative conclusion; thus,
further detailed chemical analyses are suggested in future
studies.

Conclusions

The vasorelaxant effect of GPPE was mainly mediated
through a direct effect on the arterial smooth muscle and
mildly through the endothelium. These results showed that
Ca’" channels blockade on smooth muscle cells was
mainly responsible for the vasodilatation effect of GPPE.
The calcium-induced vasoconstrictions were antagonized
by GPPE concentration dependently. This study conclu-
sively demonstrates that the leaves of G. procumbens may
contain active principles that have vasorelaxant effect in
in vitro studies. We consider that the vasodilator effect
could be related to the presence of ursolic acid, vitamin E,
spathulenol and polyphenolic or flavonoid constituents.
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