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ABSTRACT

Introduction: World Health Organisation estimated that diabetes mellitus (DM) was responsible for 1.6 million
(4%) of 41 million deaths due to noncommunicable diseases globally in 2016. National Health and Morbidity
Survey (2015) estimated that 3.5 million (17.5%) adult Malaysians were diabetic. Diabetic condition reduces
the vascular endothelial functions, risking the individuals of developing hypertension. Momordica charantia is
important in traditional folk medicine for managing hypertension and DM, however, knowledge on its
vasorelaxant effect are still indifinite. This study investigated vasorelaxant activity and its mechanism of
M. charantia fruit extracts in nondiabetic and diabetic Sprague Dawley rat aortic rings. Methods: M. charantia
extracts and metformin were evaluated for vasorelaxant activity using endothelium-intact and endothelium-de-
nuded nondiabetic and STZ-induced diabetic rat aortic rings. M. charantia Perlis acetone (MCRAC) extract
was selected for the mechanism study. For vasoconstriction study, the aortic rings were challenged with
phenylephrine. In vasorelaxation study, roles of nitric oxide, muscarinic cholinergic receptors, cGMP and
cyclooxygenase pathways, K* and Ca* ions were investigated. Results: M. charantia extracts exhibited
vasorelaxant capacity in both nondiabetic and diabetic conditions. Blood pressure lowering activity of MCRAC
involved endothelium-derived NO and prostacyclin, cGMP pathway, muscarinic receptors, and potassium
channel. Metformin reduced the blood pressure through endothelium-derived NO and prostacyclin, cGMP
pathway, and muscarinic receptors. Diabetic condition also potentiated reduced extracellular and intracellular
Ca** mobilities for both metformin- and MCRAC-mediated relaxation responses which were absent in
nondiabetic condition. Conclusion: M. charantia extracts exerted blood pressure lowering activity in diabetic
and nondiabetic states involving peripheral vascular pathways.
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INTRODUCTION

Diabetes mellitus is a great threat to public health. In
2016, the World Health Organisation (WHO) estimated
that diabetes was responsible for 1.6 million (4%)
out of 41 million deaths due to noncommunicable
diseases globally (1). Based on the National Health and
Morbidity Survey (NHMS) in 2015, it was estimated
that 3.5 million (17.5%) adult Malaysians living with
diabetes (2). Due to its long-term complication, diabetes
can negatively affect various organs. Risk factors in
diabetes involves dyslipidaemia, insulin resistance and
atherosclerosis-induced oxidative stress, which could
reduce the vascular endothelial functions. Sun et al.
(2022) (3) reported that endothelial dysfunction has

been considered as an important factor as well as the
primary pathological change in the occurrence of
diabetic vascular disease. The vascular endothelium
plays an important role in controlling the balance factor
that sustains the normal arterial function and vascular
homeostasis. Functional impairment of endothelium-
dependent vasodilation has been exhibited in numerous
of different diabetic models. Vasodilation is one of the
crucial physiological phenomena due to relaxation in
smooth muscle cell, especially in the small arterioles,
large arteries, and large veins. Vasodilation reduces
high blood pressure and the increase of peripheral
resistance produced by vasoconstriction, bringing to a
decrease of the cardiac load (4).

Herbal medicines have been employed in the
traditional approach of medicine for decades in various
countries in the world. In accordance with the WHO
guideline, ethno-medicinal plant investigations obtain
more attention (5, 6). Numerous previous studies have
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demonstrated the vasorelaxant properties of natural
product that help to decrease blood pressure (7, 8).
Bitter gourd or bitter melon, which is a climbing
shrub, cultivated mainly in India, China, Bangladesh
and Japan, commonly in Asian countries. Its scientific
name is M. charantia and belongs to genus of the
family Cucurbitaceae. Over the past decades, there
is a large volume of published studies investigating
the health and pharmacological activities of bitter
melon. Clouatre et al. (2011) (9) revealed that bitter
melon extract decreased systolic blood pressure in
STZ-induced diabetic rats. Komolafe et al. (2014) (10)
who studied effects of M. charantia on serum lipid
profile of cardiovascular damage in diabetic rats,
reported a significant reduce in the NO concentration
in diabetic Wistar rats. Four weeks administration
of M. charantia methanolic extract demonstrated a
better protective potential on vascular system when
compared to glimepiride. Based on the basis of all
the findings, the purpose of the present work was to
evaluate the underlying mechanisms of the
vasorelaxant  activity —of different extracts of
M. charantia that is still lacking.

MATERIALS AND METHODS

Drugs and Chemicals

Acetone were acquired from Merck Sdn Bhd
(Selangor, Malaysia). Now-nitro-L-arginine  methyl
ester hydrochloride (L-NAME), methylene blue (MB),
indomethacin ~ (INDO), atropine, glibenclamide,
acetylcholine  (ACh), phenylephrine (PE), sodium
nitroprusside (SNP), potassium chloride (KCI), calcium
chloride (CaCl,) were purchased from Sigma-Aldrich
Company (St Louis, Mo, USA). All drugs and chemicals
used were analytical grade.

Plant material and crude extraction

M. charantia fruits, which were from Perlis, Johor,
Pahang, Pulau Pinang, Selangor were obtained from
Herbagus Sdn Bhd, Pulau Pinang, Malaysia. The plant
was authenticated by Dr. Rahmad Zakaria (Herbarium
of School of Biological Sciences, Universiti Sains
Malaysia). A voucher specimen (No. 11727) was
deposited at the Herbarium of School of Biological
Sciences, Universiti Sains Malaysia. The dried fruits
were pulverised into a fine powder using an electric
grinder (Retsch, Germany).

20 g powder of dried fruit of M. charantia was
extracted with 200 mL of different solvent (water,
water:ethanol (1:1), ethanol and acetone) using
Soxhlet apparatus for 6 hours. The extract solution
was evaporated to dryness using rotary evaporator
R100 (Buchi, Switzerland) at 40°C. Then, the extracts
were put in the oven at 45°C for 12 hour to ensure
complete dryness.

Experimental animals

Adult male Sprague Dawley (SD) rats weighing 270 —
350 g were obtained from Animal Research and
Service Centers (ARASC), Universiti Sains Malaysia
and were kept in the animal transit room of School of
Pharmaceutical Sciences, Universiti Sains Malaysia.
The rats were acclimatised to laboratory conditions
for 7 days (room temperature: 25 °C — 30 C). The rats
were maintained under constant environmental
conditions with free access to commercial rodent
pellet diet and water ad [libitium. All procedures
involving the rats were approved by the Animal
Ethics Committee, Universiti Sains Malaysia, with
protocol number USM/IACUC/2017/(107)(86). The rats
were divided into three experimental groups: control
(C), diabetic (D) and metformin (M) groups (6 rats in
each group). Diabetes was induced by a single
intraperitoneal injection of streptozotocin (diabetic,
STZ, 60 mg/kg) after an overnight fast. Measurement
of glucose levels in tail blood were performed using
ACCU-CHEK  Advantage-Il  Glucometer  (Roche
Diagnostics, Germany). Diabetes was confirmed by a
consistent hyperglycaemia (blood glucose levels
exceeded 11.0 mmol/L) after 3 days of injection (11).
The rats were lefts with proper care for three weeks
to develop vascular complications due to diabetic
condition induced.

Preparation of aortic rings

The isolated thoracic aortic rings from diabetic and
nondiabetic rats were prepared based on method by
Ameer et al. (2009) (12) for the evaluation of vascular
reactivity. The rats were anaesthetised using sodium
pentobarbital (60 mg/kg, i.p). An incision through
the sternum was performed to open up the thoracic
cavity. The thoracic aorta was then located and
carefully cleaned of fat and connective tissues. The
aorta was subsequently immersed in a Krebs-Ringer
bicarbonate solution composed of 118.6 mM NaCl,
4.8 mM KCl, 2.5 mM CaCl,, 1.2 mM MgSO,, 2.2 mM
KH,PO,, 25.1 mM NaHCO, and 11.0 mM glucose.
The cleaned aorta was cut into 3-5 mm long rings
and suspended horizontally on the tissue chamber
containing 10 mL Krebs-Ringer bicarbonate solution.
During the experiment, the Krebs solution was bubbled
continuously with carbogen (95 % O, and 5 % CO,) at
37 °C to prevent anoxic condition. The aortic rings
were equilibrated under a tension of 1 g for 45
minutes. Every 30 minutes, the Krebs solution was
replaced during equilibration. Contractions of aortic
ring were induced by PE (1 pM) then followed by
addition of acetylcholine (ACh, 1T pM) to establish the
presence of intact and functional endothelium. The
tension was determined with a force-displacement
transducer (Grass FTO3T) coupled with a data
acquisition system (PowerLab; ADInstruments Pty
Ltd, Australia). Data were analysed and stored using
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LabChart 8 software (AD Instrument, Sydney, Australia).
All the procedures were applied on both groups of
rats; healthy groups (control) and diabetic groups.

Role of M. charantia acetone extracts on PE-induced
contraction in diabetic aortic rings

The diabetic aortic rings were prepared as described
in order to avoid any damage to the endothelium.
Endothelium-intact rings were precontracted with
1 uM of PE. Once a constant plateau observed, 100 pL
of M. charantia extracts (Perlis, Pulau Pinang, Pahang,
Johor, Selangor) were cumulatively added (0.25 — 4.0
mg/mL) to the aortic rings. Each type of extract was
evaluated in 6 diabetic aortic rings at each investigated
concentration.  Concentration-response  relaxation
following cumulative additions of M. charantia extracts
were recorded using a force-displacement transducer
(Grass FTO3T) coupled with a data acquisition system
(PowerlLab; ADInstruments Pty Ltd, Australia). Data
were analysed and stored using LabChart 8 software
(AD Instrument, Sydney, Australia).

Role of MCRAC on PE-induced contraction in
nondiabetic and diabetic aortic rings

A concentration-response curve was constructed by
cumulative additions of PE (ranging from 10° to 10”
M). The vasoconstriction effects of PE were investigated
in endothelium-intact aortic rings using 3 different
concentrations of M. charantia acetone extract from
Perlis (MCRAC) (0.5, 1.0 and 2.0 mg/mL)(13).

Role of MCRAC on ACh- and SNP-induced relaxation in
nondiabetic and diabetic aortic rings

Effects of MCRAC on the aortic ring responses to
endothelium-intact and endothelium-denuded
vasorelaxation were investigated through application
of ACh or SNP, respectively. The aortic rings were
precontracted with PE (1 pyM) and followed by ACh
or SNP (107 to 10 mol/L) being added cumulatively
in nondiabetic and diabetic aortic rings. Effects of the
vasodilators were determined for each concentration
before and following tissue pretreatment with 2 mg/mL
MCRAC for 30 minutes (14).

Role of L-NAME, indomethacin, atropine, methylene
blue and glibenclamide on MCRAC-induced relaxation
in nondiabetic and diabetic aortic rings

Assessment of vascular relaxation response of
M. charantia on aortic rings was performed using
endothelium-intact and -denude aortic rings with
the presence and absence of different antagonist and
agonist. The aortic rings were precontracted with PE
(1 pM) and the vasorelaxant effects of cumulative
concentration response of MCRAC (0.0001-3 mg/mL)
were recorded for each concentration before and
after aortic rings incubation with L-NAME (10 pM),
indomethacin (10 pM), methylene blue (10 M),
atropine (1 pM) and glibenclamide (10 pM) for 15-20
minutes (14).

Role of MCRAC on extracellular Ca?* influx and
intracellular Ca** release in nondiabetic and diabetic
aortic rings

Based on the method described by Senejoux et al.
(2013) (15), two sets of experiments were carried out in
endothelium-denuded aortic rings. These experiments
evaluated the effect of MCRAC on extracellular
Ca?* uptake or intracellular Ca** release for the
endothelium-denuded relaxation. In the initial stage,
the denuded aortic rings were stabilised in normal
Krebs - omit * solution. Then, the normal Krebs - omit ‘
solution was replaced with Ca?-free solution
containing 50 pM EGTA (ethylene glycol-bis
(2-amino-ethylether)-N’,N’,N’,N’-tetra-acetic acid) for
15 minutes in order to eliminate Ca* from the
tissue. The Ca*-free solution was replaced twice
followed by addition of PE (1 uM) to produce steady
contractions. Following 10 minutes incubation with
MCRAC (2 mg/mL), Ca** was added cumulatively
at concentrations of 0.01 to 3.0 mg/mL to obtain
dose-response contraction curves.

In the second experiment, endothelium-denuded
aortic rings were incubated in Ca®-free Krebs
solution (consisting of EGTA) to study the function of
mobilising Ca?* from intracellular stores on MCRAC
contraction inhibition. PE (1 pM) was added afterward
to produce a steady-state transient contraction (T1).
Krebs solution, consisted of EGTA and was Ca**-free,
was then used to wash the aortic rings three times.
Following stabilisation, the aortic rings were incubated
for 15 to 20 minutes with 2 mg/mL of MCRAC before
PE (1 pM) was added once more to capture a second
transient contraction (T2). The ratio of the second
transient contraction to the first was calculated as
reported by Dimo et al. (2007) (16) and Senejoux et al.
(2013) (15).

. . Second transient contraction (T2)
Ratio of two concentrations =

First transient contraction (T1)

Role of metformin on diabetic aortic ring contraction
A concentration-response curve was constructed
by additions of PE (ranging from 10° to 10° M)
cumulatively. Contraction effects of PE were investigated
in endothelium-intact diabetic aortic rings by using 3
different concentrations of metformin (0.1, 1.0 and
10 mM) (12).

Role of metformin on ACh- and SNP-induced relaxation
in diabetic aortic rings

By the application of ACh and SNP, respectively,
the effects of metformin on the aortic ring responses
to endothelium-intact and endothelium-denuded
vasorelaxation were explored. In diabetic aortic
rings, additions of ACh and SNP (10"° to 10 mol/L)
cumulatively were performed after the aortic rings
were precontracted with PE (1 pM). The effects of
the vasodilators at each concentration were assessed
before and after tissue pretreatment with 10 mM
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metformin for 30 minutes (17).

Role of L-NAME, indomethacin, atropine and methylene
blue on metformin-induced relaxation in diabetic aortic
rings

Assessment of vascular relaxation response of
metformin  on aortic rings was performed on
endothelium-intact and -denude with the presence
and absence of different antagonists and agonists. The
aortic rings were precontracted with PE (1 yM) and
the vasorelaxant effects of cumulative concentration
response of metformin (0.00001-30 mM) in aortic
rings were recorded for each concentration before
and after aortic rings incubation with L-NAME
(10 pM), indomethacin (10 pM), methylene blue
(10 pM), atropine (1 pM) and glibenclamide for 15-20
minutes (17).

Role of metformin on extracellular Ca?* influx and
intracellular Ca?* releases in diabetic aortic rings

Based on the method described by Senejoux et al.
(2013) (15), two sets of studies were carried out
in diabetic aortic rings. These investigations were
carried out to determine whether metformin-induced
relaxation of the endothelium involved intracellular
Ca** release or extracellular Ca?* absorption. In the
initial experiment, the normal Krebs - omit * solution
was used to stabilise the denuded aortic rings. To
remove Ca** from the tissue, the regular Krebs - omit *
solution was then substituted with a Ca**-free solution
containing 50 M EGTA (ethylene glycol-bis (2-amino-
ethylether)-N’,N’,N’,N’-tetra-acetic acid) for 15 minutes
in order to eliminate Ca?* from the tissue. The Ca?*-free
solution was replaced twice followed by addition of
PE (1 pM) to produce steady contraction. Following
10 minutes incubation with metformin (10 mM), Ca**
was added cumulatively at concentrations of 0.01 to
3.0 mg/mL to obtain dose-response contraction curves.

In the second experiment, for role of mobilisation of
Ca?* from intracellular stores on metformin contraction
suppression, endothelium-denuded aortic rings were
incubated in Ca?-free Krebs solution (consisted of
EGTA). Then, PE (1 pM) was instilled to produce a
steady-state contraction (contraction 1). The aortic
rings were washed three times with Ca?*-free Krebs
solution (consisted of EGTA). After stabilisation, the
aortic rings were incubated with 10 mM of metformin
for 15-20 minutes before PE (1 pM) was instilled again
to record second contraction (contraction 2). The ratio
of contraction 2 over contraction 1 was calculated
as described in earlier section. (Dimo et al. (16) and
Senejoux et al. (15)).

Statistical analysis

All data were expressed as mean + S.E.M. of six
experiments. The concentration-response curves were
fitted and compared by analysis statistical evaluation
employing paired t-test, one-way or two-way analysis

of variance (ANOVA) followed by Bonferroni post
hoc test. The analysis was performed using Graphpad
Prism 8.0. The significance was set at p<0.05.

RESULTS

Role of M. charantia acetone extracts on PE-induced
contraction in diabetic aortic rings

The vasorelaxant effects of M. charantia acetone
extracts were presented in Fig. TA. Additions of all
extracts cumulatively evoked significant concentration-
dependent relaxation of diabetic aortic rings
precontracted with PE in comparison to control. Based
on its highest R value and vasorelaxant ability at
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Figure 1 : A : Concentration-dependent relaxation
induced by different M. charantia acetone extracts
(Penang, MCPAC; Pahang, MCHAC; Perlis, MCRAC;
Johor, MCJAC, Selangor, MCSAC, Control, normal saline)
in endothelium-intact diabetic aortic rings contracted
with PE (1 pM). Data were analysed using two-way
ANOVA followed by Bonferroni post hoc test. Values
are expressed as mean + SEM (n = 6). * p<0.05 indi-
cates significant difference as compared to control.
B : cumulative addition of PE (10" to 10° M) in
endothelium-intact aortic rings of (i) nondiabetic and
(ii) diabetic groups. C : cumulative additions of PE
(10" to 10° M) in endothelium-denuded aortic
rings of (i) nondiabetic and (ii) diabetic groups.
Data were presented as percentage contraction of
concentration-response by PE. PE-induced contractions
in the absence (control) and presence of MCRAC were
analysed using one-way ANOVA and paired t-test.
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the lowest concentration, MCRAC was thus selected
for the mechanism of action study.

Role of MCRAC on PE-induced contraction in
nondiabetic and diabetic aortic rings

Fig. 1B shows a significant (p<0.05) decrease in
vasoconstrictions of the diabetic and nondiabetic aortic
rings after incubation of the endothelium-intact aortic
rings with different concentrations of MCRAC (0.5, 1.0,
2.0 mg/mL). A significant (p<0.05) drop in maximum
response (C_ ) was also observed in both diabetic
and nondiabetic aortic rings. These results suggested
that MCRAC decreased the vasoconstriction mediated
by al adrenoceptor in both nondiabetic and diabetic
conditions.

1.0 mg/mL MCRAC was selected for the mechanism
study of the effects of MCRAC on the PE-induced
contraction in endothelium-denuded aortic rings since
there was no significant different between 1.0 mg/mL
MCRAC and 2.0 mg/mL MCRAC.

PE-induced vasoconstrictions were significantly (p<0.05)
reduced after preincubation of denuded aortic rings
with 1.0 mg/mL MCRAC in nondiabetic and diabetic
aortic rings, as compared to the control (Fig. 1C).
This finding suggested that MCRAC reduced vascular
contraction even in the absence of intact endothelium
(endothelium independent) in both nondiabetic and
diabetic conditions.

Role of MCRAC on ACh- and SNP-induced relaxation in
nondiabetic and diabetic aortic rings

Additions of ACh (endothelium-intact vasodilator)
(10" to 102 M) cumulatively to PE-precontracted
aortic rings led to a concentration-dependent relaxation
response in all groups. MCRAC significantly (p<0.05)
increased ACh-induced relaxation in diabetic aortic
rings but not in nondiabetic aortic rings as shown
in Fig. 2A. These results suggested that MCRAC-
mediated endothelium dependent vasorelaxation was
potentiated in diabetes mellitus.

SNP  (endothelium-denuded  vasodilator),  which
was added cumulatively (10" to 10° M), produced
relaxation on PE-preconstricted aortic rings in all groups.
Pre-treatment with MCRAC significantly (p<0.05)
increased the SNP-induced relaxation in a
concentration-dependent manner both in nondiabetic
and diabetic rat aortic rings (Fig. 2B). These results
suggested that MCRAC produced endothelium-
independent vasorelaxation, and this activity was not
influenced by diabetes mellitus.

Role of L-NAME, indomethacin, atropine and methylene
blue on MCRAC-induced relaxation in nondiabetic and
diabetic aortic rings

MCRAC-induced vasorelaxation significantly (p<0.05)
decreased after preincubation of nondiabetic and

A 100 B 1007 o Digbetic
= Nondiabetic -4= Diabetic + LNAME
-+ Diabetic + Indomethacin i
801 -e- Diabetic + MB
+: Diabetic + Atropine

- Nondiabetic + Methylene blue
804 -¥ Nondiabetic + LNAME
-e- Nondiabetic + Atropine
-#- Nondiabetic + Indomethacin

Relaxation (%)
Relaxation (%)
Tani

& 3 2 K 0
Log [MCRAC] (mg/mL)

& Nondiabetic
- Nondiabetic + Glibenclamide ]
*

-e- Diabetic
- Diabetic + Glibenclamide

Relaxation (%)

4 3 2 -1 0 1 -4 i 2 -1 0
Log [MCRAC] (mg/mL) Log [MCRAC] (mg/mL)

Figure 2 : Vasodilatory responses to MCRAC with 15-
20 minutes preincubation of L-NAME (10 uM), atropine
(1 pM), methylene blue (10 pM) and indomethacin
(10 pM) treatment in (A) nondiabetic and (B) diabetic
aortic rings. Vasodilatory responses to MCRAC with
15-20 minutes preincubation of glibenclamide (10 pM)
treatment in (C) nondiabetic and (D) diabetic aortic
rings. Data were analysed using paired t-test. Values
are expressed as mean = SEM of six (n=6) aortic ring
experiments. * p<0.05 indicates significant difference
compared before and after L-NAME, methylene blue,
indomethacin, atropine and glibenclamide.
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Figure 3 : Effects of MCRAC on acetylcholine-in-
duced relaxation of phenylephrine-contracted endo-
thelium-intact aortic rings from A (i) nondiabetic and
A (ii) diabetic rats. Effects of MCRAC on sodium nitro-
prusside-induced relaxation of phenylephrine-contract-
ed endothelium-intact aortic rings from B (i) nondiabetic
and B (i) diabetic rats. Data were analysed using paired
t-test. Values are expressed as mean + SEM of six (n=6)
aortic ring experiments. * p<0.05 indicates significant
difference compared before and after MCRAC.
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diabetic aortic rings with L-NAME, indomethacin,
atropine and methylene blue (Fig. 3A, 3B). These
results suggested that endothelium-derived nitric oxide
(EDNO), cyclooxygenase (COX) pathway, muscarinic
receptors, and cGMP pathway played a role in
MCRAC-mediated  vascular relaxation  both in
nondiabetic and diabetic rat aortic rings, respectively.

Role of glibenclamide on MCRAC-induced relaxation
in aortic rings

MCRAC-induced vasorelaxation were significantly
(p<0.05) reduced after preincubation of nondiabetic
and diabetic aortic rings with glibenclamide (Fig. 3C,
3D). These results proposed that potassium played a
role in MCRAC-mediated vascular relaxation in both
nondiabetic and diabetic aortic rings.

Role of MCRAC on extracellular Ca?* influx and
intracellular Ca?* release in nondiabetic and diabetic
aortic rings

Additions of CaCl, (0.01 to 3 mM) cumulatively on
aortic rings induced gradual increased contraction
on endothelium-denuded aortic rings (Fig. 6A). In
the nondiabetic rings, MCRAC did not alter the Ca*"-
induced vasoconstriction. However, in the diabetic
rings, extracellular Ca?*-induced vasoconstriction
was significantly (p<0.05) reduced by MCRAC. A
similar observation was established in the evaluation
of the intracellular Ca** release from the sarcoplasmic
reticulum. MCRAC significantly (p<0.05) suppressed
the attainment of maximal contraction induced by PE
in diabetic rings but not in nondiabetic rings (Fig. 6B).
These results suggested that diabetic mellitus probably
enhance MCRAC's suppression of vasoconstrictions
by reducing mobilisations of both extracellular and
intracellular Ca?* in diabetic aortic rings.

Role of metformin on diabetic aortic ring contraction
Pretreatment of the diabetic aortic rings with different
concentrations of metformin (0.1, 1.0 and 10.0 mM) did
not show any significant decrease in vasoconstriction
of diabetic aortic rings (Fig. 5A). Additions of PE
(10"° to 1072 M) cumulatively caused a concentration-
dependent contraction response. Pretreatment of the
aortic rings with 10 mM metformin led to a significant
(p<0.05) reduction in vasoconstriction of the diabetic
rings (Fig. 5B). This finding suggested that metformin’s
attenuation of PE-induced vasoconstriction in diabetic
aortic rings was endothelium independent.

Role of metformin on ACh- and SNP-induced relaxation
in diabetic aortic rings

Additions of ACh (endothelium-intact vasodilator)
(10" to 102 M) cumulatively to PE-preconstricted
aortic  rings  produced  concentration-dependent
relaxation responses. These relaxation responses were
significantly (p<0.05) enhanced after incubation with
metformin as compared to control as shown in Fig.
5C. This result suggested that metformin potentiated
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Figure 4 : A : Contribution of extracellular Ca** uptake
in MCRAC-induced relaxation in the endothelium-de-
nuded aortic ring of (i) nondiabetic and (ii) diabetic
rats. B : Effects of MCRAC on phenylephrine-induced
(PE,1 uM) contraction on endothelium denuded aor-
tic rings in Ca** free Krebs solution with and without
incubation of MCRAC (1 mg/mL) in (i) nondiabetic and
(ii) diabetic aortic rings. Data were analysed using
paired t-test. Values are expressed as mean + SEM of
six (n=6) aortic ring experiments. * p<0.05 indicates
significant difference compared before and after
MCRAC.

vascular relaxation mediated by muscarinic cholinergic
receptors on diabetic aortic rings.

Additions of SNP (endothelium-denuded vasodilator)
cumulatively (10" to 10° M) produced increased
relaxation of PE-preconstricted aortic rings (Fig. 5D).
Metformin significantly (p<0.05) enhanced relaxation
responses as compared to control group. This result
suggested that vascular relaxation of metformin in
diabetic aortic rings was not dependent on the presence
of intact endothelium.

Role of L-NAME, indomethacin, atropine and methylene
blue on metformin-induced relaxation in diabetic aortic
rings

Metformin-induced  relaxation  responses  were
significantly (p<0.05) reduced after preincubation of
aortic rings with L-NAME, indomethacin, atropine,
and methylene blue (Fig. 6). This finding suggested that
metformin-mediated vascular relaxation in diabetic
aortic rings involved endothelium-derived nitric oxide
(EDNO) pathway, cyclooxygenase (COX) pathway,
muscarinic receptors and cGMP pathway, respectively.

Role of glibenclamide on metformin-induced relaxation
in diabetic aortic rings

Metformin-induced relaxation responses were not
significantly (p<0.05) changed after preincubation of
diabetic aortic rings with glibenclamide as compared to
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Figure 5 : Effects of different concentrations of met-
formin on the contractile responses induced by
cumulative additions of PE (10° to 10 M) in (A) en-
dothelium-intact and (B) endothelium-denuded aortic
rings of diabetic rats. Data were presented as per-
centage contraction of concentration-response by PE.
PE-induced contractions in the absence (control) and
presence of metformin were analysed using paired
t-test and two-way ANOVA followed by Bonferroni
post hoc test. Values are expressed as the mean + SEM
of six (n=6) aortic ring experiments.* p<0.05 indicates
significant difference compared to control. Effects
of metformin on (C) acetylcholine-induced and (D)
sodium nitroprusside-induced relaxation of phenyleph-
rine-contracted endothelium-intact aortic rings from
diabetic rats. Data were analysed using paired t-test.
Values are expressed as mean = SEM (n = 6 aortic rings).
* p<0.05 indicates significant difference compared
before and after metformin.

control (Fig. 10 A). This result suggested that potassium
ionic movement played no role in metformin-mediated
vascular relaxation.

Role of metformin on extracellular Ca** influx and
intracellular Ca* release in diabetic aortic rings
Additions of CaCl, (0.01 to 3 mM) cumulatively to
endothelium-denuded diabetic aortic rings in high
K*, Ca?* free Krebs - omit * solution produced gradual
contractions. Preincubation of the diabetic aortic rings
with metformin significantly (p<0.05) reduced the Ca*-
mediated contraction as compared to control (Fig. 10B
(). To evaluate role of intracellular Ca** release from
the sarcoplasmic reticulum, preincubation with
metformin  significantly  (p<0.05) suppressed the
attainment of maximal contraction induced by PE as
compared to the control (Fig. 10B (ii)). These results
suggested that metformin-induced relaxation in diabetic
aortic rings by suppressing mobilisation of both
extracellular Ca** and intracellular Ca?* in the vascular
smooth muscles.

1201
-~ Diabetic
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1001 - Diabetic + Methylene blue
-9 Diabetic + LNAME
-&- Diabetic + Indomethacin

Relaxation (%)

-5 -4 -3 -2 -1 0 1 2
Log [Metformin] (M)

Figure 6 : Vasodilatory responses to metformin with
15-20 minutes preincubation of L-NAME (10 uM), atro-
pine (1 pM), methylene blue (10 uM) and indomethacin
(10 pM) treatment in diabetic aortic rings. Data were
analysed using paired t-test. Values are expressed
as mean = SEM of six (n=6) aortic ring experiments.
* p<0.05 indicates significant difference compared be-
fore and after L-NAME, methylene blue, indomethacin
and atropine.

DISCUSSION

The present study was the first assessment to evaluate
the mechanism of vasorelaxant activity of M. charantia
fruit in diabetic and nondiabetic rat aortic rings. Loh et
al. (18) performed a study on vasorelaxation activity of
Uncaria rhynchophylla ethanolic extract using three
different types of solvents and reported that different
solvent exhibited different vasorelaxation activity.
The present study also produced a similar pattern
of results. Evaluation of the vasorelaxant activity of
M. charantia different types of extracts (water, ethanol,
water:ethanol (1:1), acetone) and different locations
were performed using STZ-diabetic rat aortic rings. All
extracts exhibited good vasorelaxant effects, however,
MCRAC was selected for the mechanism study due
to its ability to produce significant relaxation at the
lowest concentration (0.25 mg/mL) when compared
to the control and other extracts. It was postulated
that vasoactive compounds extracted by acetone
contributed to the highest vasorelaxant activity. A
study performed by Lamai et al. (19) revealed that
a flavonoid, morelloflavone isolated from Garcinia
dulcis acetone extract exhibited vasorelaxant effect
on isolated rat thoracic aortic rings. Calfio et al. (20)
reported potent vasodilator activity of calafate berries
extracted using mixture of acetone, water and acetic
acid (50:49:1).

PE, an ol adrenoreceptor agonist, induces aortic
contraction by extracellular Ca?* influx through receptor-
operated calcium channels as well as by releasing of
intracellular Ca** from sarcoplasmic reticulum (21).
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Figure 7 : A : Vasodilatory responses to metformin with
15-20 minutes preincubation of glibenclamide (10 pM)
treatment in diabetic group. Data were analysed us-
ing paired t-test followed by Bonferroni post hoc test.
Values are expressed as mean = SEM (n = 6 aortic rings).
* p<0.05 indicates significant difference compared
before and after glibenclamide. B: Effects of metformin
on extracellular and intracellular Ca?* influx on met-
formin-induced relaxation in diabetic aortic rings. Data
were analysed using paired t-test. Values are expressed
as mean + SEM of six (n=6) aortic ring experiments.
* p<0.05 indicates significant difference compared
before and after metformin.

The latter pathway relates to the PE stimulation of
phospholipase C to generate diacylglycerol and 1,4,5
triphosphate inositol (IP,). Consequently, diacylglycerol
activates the light chain of myosin by protein kinase
C activation and IP, receptors trigger Ca’** release from
the sarcoplasmic reticulum via opening of IP, receptors
(20). Niazmand et al. (22) reported that relaxant
activity of N. sativa seed on the contractions induced
by PE in vascular smooth muscle cells were associated
with inhibition of extracellular Ca*" influx as well as
suppression of IP,-mediated receptors. The present
study showed that MCRAC elicited concentration-
dependent  relaxation  effects on  PE-induced
vasocontraction of diabetic aortic rings, and this
may because of these effects. It was observed that
the C__ value of diabetic aortic rings was higher
than the nondiabetic aortic rings. The increased
aortic contraction effects of diabetic rats may be
associated to impairment of endothelial function
(23), oxidative stress (24), enhanced Ca** influx via
voltage dependent L-type calcium channels (25) and
enhanced vasoconstrictor prostanoids due to rise
of superoxide anions and enhanced sensitivity to
adrenergic agonists (26). Besides, it was also found
that MCRAC significantly reduced the vasoconstriction
effects on endothelium-denude in diabetic and
nondiabetic aortic rings. These findings postulated
that the blood pressure lowering effects of MCRAC
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through vascular contraction reduction were both
endothelium-dependent and endothelium-independent
in nature.

In endothelial cells of majority vascular beds, ACh
is capable to provoke formation and release of
endothelial-derived  relaxing  factors  such  as
prostacyclin, nitric oxide as well as endothelial-derived
hyperpolarising factor. This pathway leads to vascular
smooth muscle relaxation in an endothelium-intact
manner (27). The ACh-induced relaxation response
involves nitric oxide-mediated and endothelium-intact.
In this study, MCRAC-induced ACh-relaxation of the
aortic rings from both nondiabetic and diabetic rats.
These results further suggested that MCRAC’s blood
pressure lowering effects were achieved through
reduction of vascular contraction and/or enhancement
of vascular relaxation.

Impairment of vasorelaxation responses could also be
associated to changes in smooth muscle as proposed by
the blunted response discovered in response to SNP. To
establish whether endothelium was a critical factor for
MCRAC to exhibit its vascular activity, SNP was applied
to endothelium denude aortic rings in before and after
preincubation with MCRAC. MCRAC potentiated SNP-
induced relaxation in both diabetic and nondiabetic
aortic rings suggested that its vascular relaxation was
endothelium independent. This finding was congruent
with that of Pinna et al. (28) that supplementation of
vitamin C or grape seed proanthocyanidins preserved
vascular response to SNP.

In general, two mechanisms contribute for the
vasorelaxation response in the vascular system,
namely through secretion of relaxant factors from
the endothelium and inhibition of vasoconstriction
by the vascular smooth muscle. The former involves
prostacyclin, bradykinin and nitric oxide (29). To
our knowledge, this was the first investigation that
studied the mechanisms for the vasorelaxation effect of
M. charantia extract in diabetic rat aortic rings.

It has become the topic of interest on the effects of
chronic hyperglycaemia on production and release
of nitric oxide from endothelial cells (30). In our
study, L-NAME, a non-selective nitric oxide synthase
inhibitor and methylene blue, a guanylate cyclase
inhibitor, were employed to evaluate the participation
of endothelium-derived NO and cGMP in the MCRAC-
induced vasorelaxation. L-NAME and methylene blue
significantly reduced the MCRAC-induced relaxation
of the aortic rings in both nondiabetic and diabetic,
suggesting the involvement of endothelium derived
NO and cGMP pathways. This finding was in agreement
with a study on zingerone, the main constituent of
ginger by Ghareib et al. (31) which enhanced vascular
contraction in diabetic aortic rings that could be
contributed by vasorelaxation effects via NO- and
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guanylate cyclase stimulation.

It is generally known that vasorelaxation of muscarinic
receptors is mainly mediated through the production of
NO in endothelial cells, which is activated by induction
of Ca*-calmodulin complex and the stimulation of
endothelial nitric oxide synthase (eNOS) (32). When
challenged with atropine, a muscarinic receptor
blocker, vascular relaxation by MCRAC exhibited
significant  reductions in  both nondiabetic and
diabetic, suggesting that muscarinic receptors were
involved in the MCRAC vascular relaxation, and the
diabetic condition did not cause any effect. Cechinel-
Zanchett et al. (33) reported similar results as they
investigated vascular effects of Bauhinia forficate leaves
preparations in aortic rings of normotensive and
hypertensive rats.

The present investigation also involved the application
of indomethacin, a cyclooxygenase inhibitor. It was
observed that indomethacin decreased MCRAC-induced
relaxation suggesting the involvement of prostacyclin
pathway. Endothelium-derived hyperpolarising factor
stimulate endothelium-intact relaxation which is
resistant to the combined inhibition of cyclooxygenase
and NOS (34). Another suggested mechanism of
EDHF-induced vasorelaxation include the arachidonic
acid metabolism via the cytochrome P450 epoxynase
pathway to the formation of epoxyeicosatrienoic
acids (35).

Potassium channels are essential in the regulation
of vascular tone and muscle contractility. The rise
in K* permeability is contributed by membrane
hyperpolarisation and thus lead to vasorelaxation (36).
In the vasculature, NO stimulates potassium channels
leading to smooth muscle relaxation (37). In the
present study, to evaluate the role of potassium
channels on the MCRAC-induced vasorelaxation,
glibenclamide, an ATP sensitive potassium channels
inhibitor was applied. Both aortic rings of nondiabetic
and diabetic had their MCRAC-induced relaxation
dropped suggesting the involvement of potassium
channels in the MCRAC-induced relaxation.

Roles of Ca?*-induced contraction in blood pressure
lowering effects of MCRAC was investigated since
Ca** is directly involved in the contraction of vascular
smooth muscle. Both intracellular and extracellular
Ca*-induced contractions were attenuated by MCRAC
in diabetic aortic rings only. Diabetic mellitus probably
enhance MCRAC's suppression of vasoconstrictions
by reducing mobilisations of both extracellular
and intracellular Ca?* in diabetic aortic rings. The
regulation of Ca*" influx via cell membrane resulting
from receptor-operated calcium channels (ROCC) and
voltage dependent-type calcium channels (38, 39).
Similar finding was reported by Lee et al. (40) as they
investigated the vasorelaxant effect of Sigesbeckia

glabrescens methanol extract on rat aortic rings and
reported that the mechanism involved endothelium-
denuded pathways which were associated to blockade
of extracellular Ca* influx through receptor-operated
calcium channels as well as voltage-dependent calcium
channels.

Metformin, a biguanide, is one of the most commonly
applied drugs to treat diabetes mellitus patients.
Besides improving insulin sensitivity and  reducing
hyperglycaemia, it also independently contributes
to vasculoprotection (41-43). Recently, it has been
proposed that metformin enhances endothelial
function in animal model and humans (44,45).
Metformin restores the reactivity of microvascular
to bradykinin, histamine or acetylcholine of
venules of arteriols from neonatal SZ-diabetic rats
(46). In our study, pretreatment of aortic ring with
metformin significantly decreased contractions in
endothelium-denuded diabetic aortic rings to PE at all
concentrations. ACh and SNP-induced relaxations
were examined in diabetic rat aortic rings with the
presence of metformin. The results demonstrated that
metformin pretreatment had significantly increased
the vasorelaxant responses to ACh and SNP,
suggesting that metformin-induced relaxation were
mediated by endothelium-dependent and -independent
factors/pathways. This was concurrent with the study
by Azemi et al. (47) who reported that the increased
PE-induced contraction as well as impaired
acetylcholine-induced relaxation in diabetic rat aortic
rings were restored after metformin treatment.

The present investigation also demonstrated that
pretreatment with L-NAME, methylene blue and
indomethacin  significantly ~decreased metformin-
induced relaxations in the endothelium-intact diabetic
aortic rings but atropine did not. Thus, the results
proposed that endothelium-derived NO, cGMP
and cyclooxygenase pathway, but not muscarinic
receptors, played important roles in metformin-mediated
vascular relaxation. Similar findings were reported
by Majithiya and Balaraman (48) that pretreatment
with L-NAME blocked the increased ACh-induced
relaxation in metformin-treated STZ-diabetic rats.

In this study, metformin-mediated relaxation was
not influenced by potassium channels. This finding
was in contrast with the study reported by Zhao et al.
(2014) (49) that metformin restored the impaired of
intermediate-conductance Ca**-activated potassium
channel and  small-conductance  Ca?*-activated
potassium channel mediated vasorelaxation in rat
mesenteric artery from STZ-induced diabetic rats.
Metformin induced relaxation in diabetic aortic rings
by suppressing mobilisation of both extracellular Ca*
and intracellular Ca** in the vascular smooth muscles.
Our results agreed with Dominguez et al. (50) that
metformin attenuated thrombin-induced elevation in
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cytosolic free Ca?*.
CONCLUSION

It can be concluded that M. charantia extracts may
exert a blood pressure lowering activity in diabetic
and nondiabetic states involving peripheral vascular
pathways. M. charantia extracts from five different
states exhibited a potent vasorelaxant capacity in both
nondiabetic and diabetic conditions. Blood pressure
lowering activity of MCRAC, based on the aortic ring
approach, was achieved through involvements of
endothelium-derived relaxing factors (EDRFs) such as
EDNO and prostacyclin, soluble guanylyl cyclase of
cGMP pathway, muscarinic receptors, and potassium
channels. Diabetic condition potentiated reduced
mobility of extracellular and intracellular Ca* for
MCRAC relaxation response which was not observed
in nondiabetic condition. Metformin produced its blood
pressure lowering activity through involvement of
endothelium-derived EDNO and prostacyclin, soluble
guanylyl cyclase of cGMP pathway, and muscarinic
receptors. Diabetic condition also potentiated reduced
mobility of extracellular and intracellular Ca* for
metformin-mediated relaxation response which was
not observed in nondiabetic condition.
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