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Abstract 

Our previous studies have demonstrated that the hydroalcoholic extract of Sechium elude fruits exerts significant 
antihypertensive and vasodilatory effects. The present study was undertaken to elucidate the mechanism underlying 
the vasorelaxant activity of NC36 (cucurbitane-type triterpenoid) isolated from this extract. Experiments were 
performed on isolated aortic rings precontracted with norepinephrine. The results showed that NC36 induced complete 
(100 %) relaxation in isolated aorta with intact endothelium, whereas no significant relaxation was observed in 
endothelium-denuded preparations, indicating that the vasodilatory effect of NC36 is endothelium-dependent. Pre-
incubation of the aortic rings with indomethacin at the concentrations of 10⁻7, 10⁻6 and 10⁻5 M induced a significant 
rightward shift of the concentration–response curves and an increase in NC36 EC₅₀ values (p < 0.05), indicating the 
participation of cyclooxygenase-derived metabolites. These findings suggest that NC36 induces endothelium-
dependent vasorelaxation, at least in part, through the prostacyclin pathway and most probably NO release.  
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1. Introduction

Arterial hypertension is a leading risk factor for the development of cardiovascular diseases. In Madagascar, an 
estimated 2.8 million adults aged 30-79 years, of the 27 533 000 population, were recorded with hypertension and 178 
000 deaths, 40 500 attributed to cardiovascular diseases provoked by hypertension are also recorded the same year. 
Only 16 % are treated according to WHO Guidelines for management of hypertension and 6 % are controlled [1]. 
Vasodilator drugs, such as calcium-channel blockers, nitro vasodilators, potassium channel activators, and α1-
adrenergic blockers are included in the management strategies for hypertension of WHO [2]. Sechium edule (Jacq.) SW. 
(Cucurbitaceae) is a plant endemic to Mexico, known by the vernacular name Sosety in Malagasy, Christophine in 
French, and Chayote in English. In Madagascar, the fruit of this plant is widely consumed as food and, in traditional 
medicine, it is used for the treatment of hypertension. Several scientific studies have reported that this species possesses 
antihypertensive activity. Indeed, Lombardo-Earl and colleagues (2014) demonstrated that the roots of this plant 
exhibit antihypertensive effects, and in 2025, we also have reported that its fruit shows antihypertensive activity [3, 4]. 
Moreover, the same year (2025), we have isolated an active compound (NC36 which is a cucurbitane derivate) from the 
fruit of this plant and demonstrated its vasodilatory activity [5]. However, the mechanism underlying its vasodilatory 
action has not yet been fully elucidated. Therefore, the vasodilatory effect of this active compound is investigated in the 
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present study using isolated rat aorta with and without endothelium precontracted with norepinephrine. Furthermore, 
its involvement in prostacyclin pathways was also examined. 

2. Materials And Methods 

2.1. Herbs and chemicals 

Sechium edule was collected from Antanamitarana and Andranomanitra, two localities in the DIANA region, Madagascar. 
A voucher specimen was identified at the herbarium of Parc Botanique et Zoologique de Tsimbazaza (PBZT), 
Antananarivo, Madagascar. All the drugs and reagents used were with the required standard and analytical grade: 
hexane, chloroform, ethanol, methanol and ethyl acetate were purchased from LABOSI, 141 Rue de JAVEL, Paris 75. 
Deuterated methanol (MeOD), deuterated chloroform (CDCl3) and ingredients for making Kreb's Henseleit solution 
were obtained from Sigma-Aldrich Inc. (St. Louis, MO, USA). Standard 5 mm, 7′′ NMR tubes (XR-55 series) were 
purchased from Norell Inc. (Landisville, NJ, USA). Chromatographic preparative plates (Ref 4856-840) were purchased 
from MERK (39 Rte Industrielle de la Hardt, 67120 Molsheim, France).  

2.2. Animal handling 

Wistar rats, weighing between 200 and 250 g were used in this work, they were bred at the animal house of Laboratory 
of General Pharmacology, Pharmacokinetic and Cosmetology of Sciences Faculty, University of Antananarivo, in 
standard conditions: 12/12 hours cycle of light and darkness, at room temperature of 22 °C and with free access to food 
and water. Care and use of the animals were approved by the bioethics committee of the Sciences Faculty, University of 
Antananarivo, Madagascar, registered as CEA/FS-UA/ Registre n° 12/2023. 

2.3. Aortic rings preparation 

Prior to the isolation of the aorta, Krebs-Henseleit (Krebs) solution (4.7 mM KCl, 118.0 mM NaCl, 2.5 mM CaCl2, 25.0 mM 
NaHCO3, 1.2 mM KH2PO4, 11.0 mM glucose, and 1.2 mM MgSO4, pH 7.4) [6], was prepared and continuously aerated with 
carbogen (5 % CO2 and 95 % O2) in a Petri dish. The rats were sacrificed by injection by injection of 100 mg/kg of 
phenobarbital intra peritoneally. The thoracic aorta was immediately isolated and placed in Krebs’ solution. After 
removal of the adipose tissues, the aorta was trimmed into 3–4 mm ring segments and mounted in a tissue bath 
containing Krebs’ solution, by using two S-shaped hooks, maintained at the temperature at 37 °C and continuously 
aerated with carbogen gas. One hook was fixed at the basis of the organ bath, and the second hook was connected to the 
force-electricity transducer (Statam Gould Isometric Measurement). The mounted aortic rings were allowed to 
equilibrate for 45 minutes, and the Krebs’ solution was renewed every 15 minutes, and the resting tension was 
readjusted to 1 g. After equilibration period, norepinephrine was injected in the bath to realize 10 µM, at plateau of 
contraction, acetylcholine was injected in the bath at final concentration of 10 µM. The integrity of endothelium was 
assured with at least 60 % of relaxation. Then, the aortic rings were rinsed three times with Krebs’ solution at 15 
minutes intervals before injecting norepinephrine. 

2.4. Vascular response to NC36 to precontracted aortic rings 

The endothelium-intact aortic ring was precontracted with norepinephrine (10 µM). When the contraction reached a 
plateau, the isolate was added into the organ bath cumulatively from 4.1×10-5 M until complete relaxation. The 
concentration-response curve, the maximum relaxation and the half maximal effective concentration (EC50) value 
obtained were assigned as controls and compared to different antagonist pretreated groups [6, 7]  

2.5. Vasodilatory effect of NC36 in endothelium-impaired aortic rings 

The intima surface of the isolated aortic rings was removed mechanically by gently rubbing with a stainless-steel stick. 
The integrity of the endothelium-denuded aortic rings was checked by exposure to norepinephrine and injection of 
acetylcholine at plateau of contraction. Absence of endothelium is assured when no relaxation upon exposure to 
acetylcholine. The preparation was rinsed, and after equilibration period, the organ was pre contracted with 
norepinephrine 10 µM, NC36 was added to the organ bath cumulatively at a final concentration of 4.1×10-5 M in the bath 
until complete relaxation [8] 

2.6. Investigation of the implication of prostacyclin in NC36 vasodilatory activity 

To investigate the vasodilatory effect of NC36 in relation to prostacyclin, its effect was evaluated on isolated aorta pre-
incubated in a bath containing indomethacin prior to contraction with norepinephrine. After the stabilization period, 
the aorta was incubated in a bath containing indomethacin at a concentration of 10⁻7 M for 15 minutes. Following this 
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incubation period, noradrenaline was added to the bath to achieve a final concentration of 10 µM. Once the contraction 
plateau was reached, NC36 was administered cumulatively to the bath, starting at a concentration of 4.1×10-5 M, until 
complete relaxation of the tissue was achieved. The same experiment was carried out, using indomethacin at 
concentrations of 10-6 and 10-5 M. Concentration–response curves were generated in both the absence and presence of 
indomethacin at various concentrations, and the half-maximal effective concentration (EC₅₀) of NC36 was determined 
by linear regression. 

2.7. Statistical analysis 

All the data were expressed as the mean ± S.E.M. The results obtained for antagonist pretreated groups were compared 
to the control by using one-way ANOVA and Student’s t test, and the significance was considered as significative at 
p < 0.05. 

3. Results And Discussion 

3.1. Effect of NC36 to precontracted aortic rings 

When injected to the bath containing isolated aorta precontracted with norepinephrine at a concentration of 10 µM, 
NC36 induced relaxation in a concentration-dependent manner. This relaxation reached 100 % at a concentration of 
9.1×10⁻⁵ M (Figure 1). These results indicate that this compound exerts vasodilatory effect, with an EC₅₀ of 4.38×10⁻⁵M.  

 

Figure 1 Relaxation of isolated aorta precontracted with norepinephrine at 10 µM, in the presence of NC36 injected in 
the bath in a cumulative manner (x ̅ ± σ ;̅ n = 10; p ˂ 0.05) 

3.2. Role of endothelium in vasodilatory effect of NC36  

In the presence of endothelium, NC36 produced 100 % relaxation of isolated aorta precontracted with norepinephrine 
(Figure1), compared with only 18 % relaxation in the absence of endothelium (Figure 2). According to the results, NC36 
completely relaxed endothelium-intact aorta precontracted with norepinephrine. In contrast, it was unable to relax 
endothelium-denuded aorta contracted with noradrenaline (Figure 2). These results indicate that the vasodilatory 
effect of NC36 is endothelium dependent. 
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Figure 2 Relaxation of the isolated aorta precontracted with norepinephrine at concentration of 10 µM, induced by 
NC36 injected in the bath in a cumulative manner, with endothelium ( ) and endothelium free ( ) (x  ̅± σ ̅; n = 

10; p ˂ 0.05) 

These results suggest that NC36 vasodilatory action may involve the release or modulation of endothelial mediators 
such as prostacyclin or nitric oxide, which are major regulators of vascular tone [10]. To evaluate these possibilities, the 
implication of prostacyclin was investigated. 

3.3. Implication of prostacyclin in NC36 vasodilatory activity 

As the vascular endothelium plays a key role in regulating vascular tone through the release of relaxing mediators such 
as nitric oxide (NO) and prostacyclin, we investigated the vasodilatory effect of NC36 in the presence of indomethacin, 
a cyclooxygenase inhibitor that blocks prostacyclin synthesis. When aortic rings precontracted with noradrenaline were 
incubated with increasing concentrations of indomethacin, NC36 continued to induce relaxation of the vascular tissue 
[12]. 

However, a rightward shift of the concentration–effect curve was observed without alteration of the maximal response, 
accompanied by a concentration-dependent increase in EC₅₀ values. Specifically, the EC₅₀ increased from 4.38×10⁻⁵ M 
in the absence of indomethacin to 6.42×10⁻⁵, 7.43×10⁻⁵, and 8.46×10⁻⁵ M in the presence of indomethacin at 10⁻⁷, 10⁻⁶, 
and 10⁻⁵ M, respectively (p < 0.05) (Figure 3). These findings suggest a competitive interaction between indomethacin 
and NC36, indicating that prostacyclin partially contributes to the vasodilatory effect of NC36. 

Nevertheless, the persistence of a significant relaxation despite cyclooxygenase inhibition strongly suggests the 
involvement of additional endothelium-dependent or endothelium-independent mechanisms. In particular, nitric oxide 
(NO) may play a central role, as it is a major endothelial-derived relaxing factor capable of inducing smooth muscle 
relaxation via activation of the guanylate cyclase–cGMP pathway. Moreover, other vasorelaxant pathways could be 
implicated, including endothelium-derived hyperpolarizing factor (EDHF), modulation of calcium influx in vascular 
smooth muscle cells, or direct action on potassium channels. 

This interpretation is consistent with the findings of Chung et al. (2023), who reported that the vasodilatory effect of 
the chloroform fraction of Crinum amabile is endothelium-dependent and mediated, at least in part, by prostacyclin 
[13]. Taken together, our results suggest that while prostacyclin contributes to NC36-induced vasorelaxation, but it is 
not the only mediator, other pathways—particularly NO-related mechanisms—are likely to be involved, since 
cucurbitane-type triterpenoids are known to enhance nitric oxide (NO) release [14]. 
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Figure 3 Relaxation of isolated aorta precontracted with norepinephrine at 10 µM, induced by NC36 injected in the 
bath in a cumulative manner in the absence of indomethacin ( ) and in its presence at concentrations of 10-7 ( ), 

10-6 ( ) and 10-5 M ( ) (x ̅ ± σ ̅; n = 10; p ˂ 0,05) 

4. Conclusion 

The present findings demonstrate that NC36, isolated from Sechium edule fruit, exerts a significant vasorelaxant effect 
on noradrenaline-precontracted aortic rings. This activity could be attributed to partial contribution of prostacyclin. 
However, the persistence of relaxation despite cyclooxygenase inhibition suggests that additional mechanisms are 
involved. Overall, these results highlight that NC36 contributes to anti-hypertensive activity of Sechium edule fruit.  
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