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Endothelium dependent and endothelium independent 
activity of ethanolic extract of Moringa oleifera Lam. 
(Moringaceae) on porcine coronary arteries and its 

underlying mechanisms of vasorelaxation 
 

Some AA, Belemnaba L, Belemtougri RG, Nikiema M and Ouedraogo S 
 
Abstract 
The results showed that ethanolic and aqueous extract induce relaxation in endothelium intact porcine 
coronary artery rings precontracted with U46619, with better activity of ethanolic extract. In 
endothelium-denuded coronary artery, the relaxation effects of ethanolic extract were slightly but 
significantly affected. In endothelium intact coronary artery, the presence of Nω-nitro-L-arginine (NO-
synthase inhibitor) or Wortmannin (PI3-kinase inhibitor) were not avoid the vasorelaxant effect of 
ethanolic extract, but were significantly shifted compared to the control. Moreover, the presence of the 
membrane-permeant analogue of SOD (MnTMPyP) or cyclooxygenase inhibitor (indomethacin) has not 
prevented the relaxation effect of the extract. In addition, in the KCl (60mM) induced vasoconstriction in 
endothelium denuded coronary arteries, ethanolic extract produced a maximum effect of 47.35% 
compared to the vehicle. Taking together, these findings indicate that Moringa oleifera induce an 
endothelium dependent and endothelium independent vasorelaxation effect in porcine coronary artery 
which may involve a voltage dependent calcium pathways. 
 
Keywords: Moringa oleifera, coronary arteries, vasorelaxant, nitric oxide, NO-synthase, PI3-Kinase/Akt 
 
1. Introduction 
Arterial hypertension (HT) constitutes an important risk factor for developing other diseases as 
endothelial dysfunction, metabolic syndrome, diabetes, renal dysfunction, congestive heart 
failure, coronary artery disease and stroke, due to the deleterious effects it exerts on the 
vascular systems of these organs [1, 2]. Abnormal vascular reactivity, including impaired 
endothelium dependent relaxation and enhanced sensitivity to vasoconstrictors, is a hallmark 
of hypertensive disease. Therefore, the relaxation of vascular smooth muscles is very crucial in 
hypertension and other cardiovascular diseases [3]. Relaxation of vascular smooth muscles is 
one of the strategies for the treatment of hypertension [4]. A considerable number of bioactive 
compounds derived from plant material have been shown to possess cardioprotective effect 
and reduce the risk of cardiovascular disease [5]. Moringa oleifera leaves contain several 
bioactive phytochemicals such as alkaloids, anthocyanin, anthraquinone, cardiac glycosides, 
carotenoids, flavonoids, saponins, steroids, tannins, quercetin, kæmpferia, etc. [6-9] known for 
their cardioprotective, vasorelaxant and antihypertensive effects [10, 11, 5]. This study aimed to 
characterize the vascular actions of ethanolic extract of Moringa oleifera (EEM) as well as to 
elucidate the underlying mechanisms of action in vasodilation in isolated porcine coronary 
arteries.  
 
2. Material and methods 
2.1 Plant material and extraction 
The fresh leaves of Moringa oleifera were harvested in the southwest of Burkina Faso in July 
2010. It was identified in the Bio-Info Center of University Ouaga1 Pr Joseph Ki-Zerbo where 
a voucher specimen n°16869 was deposited. The leaves were dried at room temperature and 
crushed into powder. The resulting powder was macerated and soaked at room temperature in 
70 ° ethanol (10 % g / v) for 72 hours. After that, the macerate is filtered and concentrated in a 
rotary evaporator under reduced pressure. The residue obtained was dried. Yield 16,09%. 
 
2.2 Reagents 
Thromboxane A2 analogue, the 9,11-dideoxy-11a,9a-epoxy-methano-prostaglandin F2α, 
U46619 Cayman Chemical (Ann Arbor, MI, USA),  indomethacin were purchased from Sigma 
Chemical Co. (Grenoble, France); Nω-nitro-L-arginine (LNNA), wortmannin and Mn(III)
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tetrakis (1-methyl-4-pyridyl) porphyrin pentachloride 
(MnTMPyP) were purchased at Enzo Life Sciences 
(Villeurbanne, France). 
 
2.3 Preparation of porcine coronary artery rings 
Porcine hearts were obtained from a local abattoir and kept 
refrigerated before transfer to the laboratory. The left anterior 
descending coronary artery was dissected free from the 
surrounding myocardium. After cleaning of adherent fat and 
connective tissue, the artery was cut into rings of 3–4 mm 
length, three (3) coronary arterial rings were prepared from 
each heart. The rings were suspended horizontally between 
two parallel stainless steel hooks for the measurement of 
isometric tension in individual organ bath containing Krebs 
solution (in mM): NaCl 119, KCl 4.7, NaH2PO4 1.2, MgCl2 
1.2, NaHCO3 25, CaCl2 1.25 and glucose 11, maintained at 
37°C and continuously bubbled with 95% O2

 5% CO2 
mixtures. Tension was recorded using isometric transducer 
(type EMKA Technologies) and was connected to an 
analogical amplifier (ps100W-2; EMKA Technologies).The 
graphic recording was obtained by the software of acquisition 
U-vessel (WAGNER, 1999; France). Rings were stretched to 
5 g of baseline tension and equilibrated for 90 min. During the 
equilibration time Krebs solution was replaced every 15 min 
in organ bath. After that, rings were pre-contracted with 
thromboxane A2 mimetic, U46619 (1.10-8 to 3.10-8 M). After 
equilibration period, arteries were challenged with KCl (80 
mM) in order to test vessel viability. After each experience 
Krebs solution was replaced two times in organ bath before 
following test. The absence or presence of endothelial cells 
was confirmed by the absence or presence of relaxation to the 
endothelium-dependent vasodilator bradykinin (10−6 M). 
Relaxation response of endothelium intact porcine coronary 
arteries (EIPCA) or endothelium denuded arteries (EDPCA) 
rings to cumulative concentration of AEM or EEM (10-2 to 1 
mg/ml) was performed after precontraction with U46619 
(1.10-8 to 3.10-8M). Endothelium removal was performed by 
gently rubbing with a wooden probe with cotton. To study the 
underling effect of the plant extract, some inhibitors were 
used. Indeed, EIPCA rings were pre-incubated during 30 min 
with non-specific nitric oxide synthase inhibitor, Nω-nitro-L-
arginine (LNNA, 300µM), or with an indomethacin (10 µM, 
non-specific cyclooxygenase (COX) inhibitor), or with 
Wortmannin (30 nM, PI3-kinase/Akt inhibitor), or with 
membrane permeant analogues of superoxide dismutase 
(SOD), MnTMPyP (100 µM) before precontraction with 
U46619. Relaxation response of coronary artery rings to 
cumulative concentrations of EEM (10-2 to 1 mg/ml) was then 
performed in the presence or absence of endothelium. Voltage 
dependent calcium channels involvement in EEM induced 
vasorelaxation was assessed using cumulative concentration 
dependent-vasorelaxant curve of EEM in KCl (60 mM) 
precontracted EDPCA rings.  
 
2.4 Statistical analysis 
All data were expressed as means ± standard error of the 
mean (S.E.M.). Statistical analysis was conducted using two 
way ANOVA followed by Dunnett post test. A value of 
p<0.05 was considered statistically significant. All analyses 
were performed with Graph Pad Prism 5.00 (Graph Pad 
software, San Diego, CA, USA). 
 
 
 

3. Results  
3.1 EEM induced vasodilation in porcine coronary artery 
rings precontracted with U46619  
In this study, we already compare the effect of EEM and the 
aqueous extract of Moringa oleifera (AEM) that is the mode 
of traditional use of the plant. 
In rings with endothelium, EEM and AEM at 10-2 to 1 mg/mL 
significantly relaxed the sustained contractions induced by 
U46619 in a concentration-dependent manner (Fig.1). The 
better relaxation was obtained with EEM (Emax = 103.33 ± 
3.24%) compared to AEM (Emax = 46.73 ± 13.25%) with a 
significant difference. Then, we decided to investigate the 
effects of EEM in this study in order to underline its possible 
mechanism of relaxation effect. 
 

 
 

Fig 1: Relaxing effects of EEM on porcine coronary artery rings in 
the presence of endothelium. Relative relaxation were expressed as 
the percentage decreased in the contraction to U46619.Values are 

means ± S.E.M. (n = 8). ***p<0.001 compared to AEM. 
 
3.2 EEM induced vasodilation effect in the presence and 
absence of endothelium in porcine coronary artery rings. 
To investigate the effects of EEM on the coronary artery, 
rings with endothelium and without endothelium were used. 
The results show that EEM induces vasorelaxation effects in 
EIPCA rings as well as in EDPCA rings (Fig.2). This 
relaxation in the presence of endothelium is significantly 
different from that in the absence of endothelium indicating 
an endothelium dependent and an endothelium independent 
vasodilation effect of EEM. The solvent showed no effect on 
the contraction induced by U46619. 
 

 
 

Fig 2: Effects of EEM-induced relaxations in endothelium intact and 
endothelium denuded porcine coronary artery rings (**p<0.01, 
***p<0.001 endothelium-denuded versus endothelium-intact; 

###p<0,001 endothelium-denuded and endothelium intact versus 
vehicle); n= 8-11. 
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3.3 Role of prostanoïds in the vasodilation effects of EEM 
This test was investigated to examine the role of prostacyclin 
in the endothelium-dependent relaxation of EEM in the 
porcine coronary artery. 
Endothelium intact rings were pre-incubated with 
indomethacin (10µM) before contraction with U46619, 
followed by cumulative concentrations of EEM. The results 
showed that indomethacin had no effect on the endothelium-
dependent relaxations of EEM (Fig.3).  
 

 
 

Fig 3: Vasorelaxant effects of EEM on endothelium intact porcine 
coronary arteries in the presence or absence of indomethacin (10 

µM); (*p˂0.05, n =7). 
 
3.4 Role of nitric oxide pathway in the relaxation effect of 
EEM in porcine coronary artery rings 
To evaluate the involvement of nitric oxide in the EEM-
induced vasorelaxation, rings with endothelium were 
preincubated with NOS-inhibitor, Nω-nitro-L-arginine, (L-
NNA, 300 µM) before the cumulative concentration of EEM 
(Fig.4). EEM (0.01– 1mg/ml) induced relaxation in a 
concentration-dependent manner both in endothelium-intact 
and -denuded porcine coronary artery rings precontracted with 
U46619 (Fig. 4). The relaxant effect of EEM in EIPCA and 
EDPCA rings was significantly different with a better effect 
in the presence of endothelium. The EC50 values were 0.41 
mg/ml and 2.31mg/ml, respectively in the presence and 
absence of endothelium. Similarly, there were a significant 
differences between the Emax values of EEM in intact (Emax 
= 103.327 ± 3.243%, EC50 = 0.41mg/ml) and denuded (Emax 
= 62.302 ± 7.46%, EC50 = 2.31mg/ml) porcine coronary rings 
pre-contracted with U46619. 
 Likewise, a significant difference (p<0.05) was found in the 
pD2 value of EEM in intact and denuded rings (0.39 and 0.36 
respectively). Thus, endothelium removal reduced 
significantly but not blocked relaxant effect of EEM.  
However, in the presence of L-NNA, the results showed that 
the vehicle alone had no striking relaxation effect on artery 
rings.   
 

 
 

Fig 4: Effect of EEM on U46619-induced contractile response in 
endothelium intact porcine coronary artery rings preincubated with 
L-NNA (300µM). The curves were determined in the presence of 

vehicle (■) or an increase concentration of EEM (0.01 to 1 mg/mL). 
(**p<0.01, ***p<0.001, versus control; ###p<0.001, control and 

LNNA+EEM versus LNNA+ vehicle; n= 6-11). 
 
3.5 Relationship between intracellular reactive oxygen 
species and PI3-Kinase/Akt inhibition on EEM 
vasodilation effect in porcine coronary arteries 
The involvement of PI3-kinase/Akt and ROS pathways were 
explored in endothelium-intact porcine coronary artery rings 
(Fig. 5). The results showed that vasorelaxant effects of EEM 
(Emax = 103.33 ± 3.24%; EC50 = 0.41 mg/ml) was 
significantly inhibited in the presence of Wortmannin (Emax 
= 85.18 ± 5.89% and EC50 = 0.61mg/ml), a PI3 kinase/Akt 
inhibitor. 
Moreover, the role of intracellular reactive oxygen species in 
the endothelium-dependent relaxation to EEM was also 
assessed (Fig.6). In porcine coronary artery preincubated with 
MnTMPyP (membrane-permeant analogue of superoxide 
dismutase), results showed no potency effect on vasorelaxant 
effects of EEM (●, control). Nevertheless, a little significant 
effect was observed at 0.1 mg/mL with no difference between 
their maximum effect (Emax = 106.01 ± 8.36%). Moreover, 
no significant difference was obtained between their half 
maximal effective concentration (EC50 = 0.41mg/ml and 
0.79mg/ml in the control and in the presence of MnTMPyP 
respectively).  
 

 
 

Fig 5: Effect of EEM on U46619-induced contractile response in 
EIPCA rings preincubated with wortmannin (30 nM). (*p<0.05, 

***p<0.001, versus control, n = 11). 
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Fig 6: Effect of EEM on U46619-induced contractile response in 
endothelium intact porcine coronary artery rings preincubated with 

MnTMPyP (100 µM). The curves were determined by adding 
increased concentration of EEM (0.01-1 mg/mL). (**p<0.01, n = 5-

11). 
 
3.6 Effects of EEM on high K+ induced vasoconstriction in 
porcine coronary arteries. 
This experiment was done to verify the effect of EEM in KCl-
induced contractile response in porcine coronary artery rings. 
KCl (60 mM) was used to induce contraction in EDPCA rings 
and then EEM was added cumulatively (0.01 – 1mg/mL). The 
EEM-induced concentration-dependent relaxation was 
calculated as a percentage of the relaxation in response to 
KCl.  
The results showed that EEM induces vasodilation effect on 
the vasoconstriction induced by KCl in a concentration 
dependent manner (Emax = 47.35 ± 5.69 %) compared to the 
vehicle that remain contracted in the absence of EEM (Fig. 7).  
 

 
 

Fig 7: Vasorelaxant effects of EEM on vasoconstriction induced by 
KCl (60 mM) in endothelium denuded porcine coronary arteries 

rings (*p<0.05; ***p<0.001; n = 5). 
 
4. Discussion 
The present study aims to underline the mechanism of action 
of Moringa oleifera plant extracts on vascular system. 
Administration of ethanolic extract (EEM) or aqueous extract 
(AEM) of Moringa oleifera entirely reversed the stimulated 
vasoconstriction induced by 9,11-dideoxy-11a,9a-
epoxymethanoprostaglandin F2a (U46619), a thromboxane 
sympathomimetic (fig.1). 
Indeed, thromboxane prostanoid (TP) receptors cause potent 
vasoconstriction, which contributes to increase vascular tone 

and blood pressure. TP receptor activation attenuates 
endothelium-dependent relaxations in response to the β-
adrenoceptor agonist via RhoA/Rho kinase mediated but 
calcium-independent mechanisms, leading to the reduced 
eNOS activation and NO production in endothelial cells [12]. 
In the present study, EEM showed more important (Emax = 
103.327 ± 3.243%) vasorelaxant effects than AEM (Emax = 
46. 73%) on EIPCA rings. Then, we decided to investigate the 
effects of EEM in this study in order to underline its possible 
mechanism of relaxation effect. This result is comparable to 
those of Branković et al. (2010) on Apium graveolens [13]. 
Arend et al. (2015) showed that the amount of phenolic 
compounds in the ethanolic extracts was higher than that of 
the aqueous extracts of Cecropia glaziovii [14]. Indeed, 
polyphenolic compounds are known for their vasorelaxant 
and cardioprotective effects [15, 6].  
Leaf extracts of M. oleifera are reported to be rich in 
compounds such as crypto- chlorogenic, isoquercetin, 
astragalin, myricetin, quercetin, kaempferol and other 
flavonoids known for their antioxidant, anti-radical 
scavenging, vasorelaxant, anti-inflammatory, antihypertensive 
and cardioprotective activities [16, 17, 6, 9]. The presence of 
polyphenolic compounds such as flavonoids, quercetin, 
kaempferol in Moringa oleifera leaves extract has been 
widely reported by many authors [6, 9] showed that flavonoid 
inhibited cyclic nucleotide phosphodiesterase type 1 (PDE1) 
and caused cGMP-dependent protein kinase (PKG) 
vasorelaxant in human vascular tissue [15]. Torres-Piedra et al. 
(2011) showed that vasorelaxant effect of flavonoids could be 
mediated through calmodulin inhibition [18]. The protein 
calmodulin (CaM), is a major cellular Ca2+-binding protein 
which regulates the activity of a series of CaM-dependent 
enzymes such as NO synthases, phosphodiesterases (PDE’s), 
adenylate cyclases, phosphatases, several kinases, ion 
channels, calcium-ATPase pumps, among others. Mansour et 
al. (2014) showed that Moringa leaf extract induces 
significant recovery in cholesterol, triglyceride and LDL-C 
levels in gamma-irradiation induced significant increase in 
serum levels of cholesterol, triglycerides and LDL-C in rat 
[19]. Many authors associate more often the decrease in 
cholesterol level and inhibition of the main enzyme of the 
synthesis of cholesterol, 3-hydroxy-3-methylglutaryl-
CoenzymeA (HGM-CoA) [20-22]. In vascular endothelial cells, 
this inhibition of HMG-CoA reductase leads to upregulation 
of the expression and activity of endothelial nitric oxide 
synthase [23, 24] and then leads to NO-dependent 
vasorelaxation. 
The vasorelaxant effects of EEM in EIPCA and EDPCA rings 
were investigated. The results showed that EEM induces 
vasorelaxation in EIPCA rings as well as in EDPCA rings 
(Fig.2). This relaxation in the presence of endothelium was 
significantly affected by removal of endothelium indicating an 
endothelium dependent and an endothelium independent 
vasodilation effect of EEM. Preincubation with indomethacin, 
a cyclo-oxygenase (COX) inhibitor, did not affected the 
vasorelaxation induced by EEM in EIPCA rings (Fig.3), 
suggesting that the endothelium-dependent-relaxation effect 
of EEM is not mediated by PGI2, but probably by another 
mechanism which remains to be investigated.  
On the other hand, NOS-inhibitor, Nω-nitro-L-arginine, (L-
NNA, 300 µM), significantly, inhibited the EEM–induced 
relaxation in EIPCA rings (Fig.4). This finding suggests an 
involvement of the eNOS-NO-cGMP pathway in the 
endothelium-dependent vasorelaxation of EEM on porcine 
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coronary arteries. Indeed, guanylyl-cyclase (GC) catalyzes the 
conversion of GTP to cyclic GMP (cGMP), which in turn 
activates the cGMP-dependent protein kinase (PKG). The 
activated PKG then phosphorylates several important target 
proteins including ion channels, ion pumps, receptors, and 
enzymes, leading to a decrease in intracellular Ca2+ and 
relaxation of the smooth muscle cells [25, 26].  
The involvement of PI3-kinase/Akt and ROS pathways were 
explored in endothelium-intact porcine coronary artery rings. 
They constitute the upstream of NO-synthase activation 
process and subsequent release of NO in endothelial cells. 
The results showed that vasorelaxant effect of EEM in EIPCA 
rings was significantly inhibited in the presence of 
Wortmannin, a PI3-kinase/Akt inhibitor (Fig.5). These 
findings suggest that EEM-induces vasorelaxation via 
activation of Akt-eNOS-cGMP signaling [27]. 
Also, membrane-permeant analogue of SOD, MnTMPyP, 
induced a small but significant difference with the control 
(Fig.6). No difference was observed between their maximum 
effects. These results are comparable to those of Belemnaba et 
al. (2013); Tokoudagba et al. (2010) on porcine coronary 
arteries [28, 29]. According to Kim et al. (2013), in healthy 
arteries, polyphenols and polyphenol-rich sources could 
induce a formation of ROS specifically in the endothelial 
cells, leading to the activation of the Src/PI3-kinase/Akt 
pathway and eNOS with the subsequent formation of NO and 
vasorelaxation [30]. Stoclet et al. (2004) reported that ROS, 
especially superoxide anions, act as upstream mediators of 
Src kinase whereas both superoxide anions and hydrogen 
peroxide are involved in the activation of the PI3-kinase/ Akt 
pathway leading to eNOS phosphorylation [31]. 
To explore endothelium independent vasorelaxation 
mechanism of EEM, voltage-dependent calcium channels 
pathways was assessed. Thus, EEM relaxed vasoconstriction 
induced by KCl in EDPCA rings through the activation of 
voltage-dependent calcium channels (Fig7). This result 
suggests that EEM induces its action by blocking the voltage-
dependent calcium channel. Contractile response in smooth 
muscle is caused by an influx of Ca2+ through voltage-
dependent Ca2+-channels and/or receptor-operated Ca2+-
channels [32]. This result with KCl is comparable to those of 
Dimo et al. (2007) [33]. 
The present study indicates that EEM is a strong vasodilator 
of porcine coronary arteries. These preliminary results suggest 
that the mechanism of relaxation seems to be mediated by 
stimulating the endothelial formation of NO. They also 
indicate that the intracellular formation of ROS in endothelial 
cells (in particular superoxide anions and hydrogen peroxide) 
leading to activation of eNOS via the Src/PI3-kinase/Akt 
pathway is involved. Vasorelaxant effect of EEM may also be 
attributed to inhibitory effects on voltage-dependent calcium 
channels and/or receptor-operate calcium channels; however, 
other mechanisms could not be ruled out. In future 
investigations, we will explore the effect of EEM on the 
receptor-operated calcium channels and other receptors 
operated ions channels in order to clarify the endothelium 
independent mechanisms of the extract. The present results 
provide pharmacological support for the use of Moringa 
oleifera in ethnomedical practices as vasorelaxant and 
antihypertensive in Burkina Faso.  
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