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	 Vascular endothelium, in addition to functioning as a physical barrier, plays a crucial 
role in regulating blood pressure. Endothelial protective mechanisms offer an alternative way 
to prevent cardiovascular risks, including hypertension. This study aimed to demonstrate the 
vasculoprotective and antihypertensive potential of the ethyl acetate fraction of Phaseolus 
vulgaris (EPV) pods in mice. Naval Medical Research Institute (NMRI) mice were randomized, 
and hypertension was induced by oral administration of LNAME (Lw- Nitro Arginine Methyl 
Ester). Subsequently, EPV and captopril were administered to the hypertensive mice. Physical 
parameters, blood pressure components, and biochemical conditions were measured. Vascular 
protection was assessed by measuring NO-dependent vasorelaxation of the aortic ring in 
the study mice. Phytochemical analysis of EPV was performed by high-performance liquid 
chromatography-mass spectrometry. Captopril and EPV significantly reduced blood pressure 
in LNAME-induced hypertensive mice, with the most effective doses of 5 mg/kg captopril 
and 20 mg/kg EPV. Furthermore, two-way ANOVA with Bonferroni post-tests showed that 
mice treated with EPV responded better in aortic rings, with strong vasorelaxation in the 
presence of ACh (acetylcholine) and SNP (sodium nitroprusside), compared with mice treated 
with LNAME alone. The weight variation and biochemical parameters in high-tension mice 
improved significantly with doses of captopril and EPV. Molecules are known to have beneficial 
effects on cardiovascular health, most of which are chlorogenic acid, quercetin glucoside, 
and p-coumaroylquinic acid. This investigation showed that the EPV had antihypertensive 
and cardiovascular effects in LNAME hypertensive mice, as well as a protective effect on the 
vascular endothelium.

Keywords: Antihypertensive mice; Blood pressure; LC-MS profile; LNAME;
Phaseolus vulgaris; Vascular endothelium.

	 Phaseolus vulgaris L. (Fabaceae) 
pods have long been used by humanity for their 
nutritional and economic needs. This legume is 

well-known to both women and farmers. Beyond 
studying the nutritional benefits of this plant, 
the authors have demonstrated the potential 
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effects of plant seeds and leaves on human well-
being.1,2 Studies have shown that P. vulgaris 
seeds have antioxidant, antihypertensive, and 
anti-inflammatory effects. Our recent work 
on the decomposition of P. vulgaris pods has 
indicated the antioxidant power and endothelium-
dependent vasorelaxant capacity of the decoction 
of Phaseolus vulgaris pods and its fractions.3 In 
the previous study, the ethyl acetate fraction of the 
P. vulgaris decoction showed the best efficacy and 
vasodilatory power on the ex vivo mouse aorta and 
a high content of phenolic compounds. Thus, this 
study, using a bioguided approach, aims to evaluate 
the antihypertensive efficacy and vasculoprotective 
capacity of the ethyl acetate fraction of P. vulgaris 
pods in vivo. This mouse model of EPV is relevant 
because it has greater bioactive power and contains 
fewer molecules than the decoction. In fact, the 
decoction, long used in traditional medicine to 
treat hypertension, has been improved and made 
more effective. Moreover, this natural compound 
may have several pharmacological targets, an 
advantage over current antihypertensive molecules. 
This bioactive fraction is a candidate for use as an 
antihypertensive drug, given the many limitations 
of current treatments and the complications of 
hypertension.
	 Indeed, the management of hypertension 
requires the combination of at least three classes of 
drugs, including thiazides, dihydropyridines, and 
angiotensin-converting enzyme inhibitors. This 
multiple drug use for managing patients’ blood 
pressure is difficult in view of drug interactions 
and constant changes in algorithms.4 Furthermore, 
despite the variety of existing treatment tools,5 
non-adherence to appropriate drugs increases 
the rate of therapy failure. To improve health 
policy, researchers are exploring natural bioactive 
compounds as an alternative to conventional 
medical treatments. Therefore, efforts focus on 
developing new drugs and functional foods to 
prevent and treat metabolic and cardiovascular 
diseases.6,7 The purpose of this paper is to 
demonstrate the pharmacological properties of P. 
vulgaris, a legume used to reduce blood pressure in 
Burkina Faso. The general objective is to evaluate 
the antihypertensive effects, vascular endothelium-
protective capability, and phenolic compounds of 
the ethyl acetate fraction of P. vulgaris (EPV) pods 
in hypertensive mice.

Material and methods

Collection of plant material	
	 P. vulgaris pods were collected in 
Loumbila (15 km from Ouagadougou, Burkina 
Faso). The Biology Department of the University 
Joseph KI ZERBO identified the plant material 
(voucher n°18018). The samples were washed and 
dried in a room at 32.42±2.00 °C and 51.33±6.65% 
relative humidity. The dried samples were then 
pulverized, and the powder obtained was preserved 
for study.
Laboratory animals
	 NMRI mice with an average weight of 
24.45±2.12 g from the animal house of the Institut 
de Recherche en Sciences de la Santé (IRSS) were 
used for the tests. These animals were acclimatized 
at 25±2 °C in a room with relative humidity of 55-
70 %. All mice (Mus musculus) were subjected to 
a 12 h light cycle and 12 h darkness. Protein-rich 
meals (29%) and water were provided for satiation.
Ethics committee approval
	 These experimental measures strictly 
followed the procedures of the Declaration of 
Helsinki on Animal Welfare. In addition, all 
experimental procedures were conducted in 
accordance with the American Institutes of Health 
Laboratory Animal Care and Use Guide and EU 
Directive 2010/63/EU on animal experiments. The 
local Ethics Committee of the University of Joseph 
KI ZERBO approved the study protocol (Protocol 
number: CE-UOI/2019-04).8

Reference substances and chemical reagents
	 The reagents were obtained from Sigma-
Aldrich. They were L-NAME, captopril, 9,11 
-dideoxy -11a, 9a epoxymethanoprostaglandin 
F2a (U46619), ketamine, and potassium chloride. 
Pure standards for rutin, catechin, gallic acid, and 
chlorogenic acid (99% HPLC) were supplied 
by Sigma (USA). Merck (Germany) supplied 
acetonitrile (gradient HPLC).
Methods
Preparation of the ethyl acetate fraction of P. 
vulgaris (EPV)
	 This preparation process has been reported 
in previous work of Ouedraogo et al. 9 Briefly, 100 
grams of P. vulgaris pods powder mixed with 1 
L of distilled water were boiled for 10 minutes. 
Once a clear aqueous decoction was obtained, the 
liquid was fractionated among several solvents. 
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Dichloromethane (3 × 150 mL) was gradually 
added to 250 mL of the aqueous decoction in a 500 
mL flask filled to 3/4, then allowed to stand for 1 
hour. Although no emulsion formed, the mixture 
was allowed to stand longer to separate effectively. 
To obtain the ethyl acetate fraction of P. vulgaris 
(EPV), the organic phase was concentrated and 
dried after extracting the remaining aqueous phase 
with ethyl acetate (3 × 150 mL). After recovery, 
the organic phase (ethyl acetate fraction) was dried 
in a stove at 40°C. After drying, the ethyl acetate 
fraction of P. vulgaris (EPV) powder was preserved 
for testing.
Method for assessing EPV’s antihypertensive 
activity
Model design
	 According to previous studies, LNAME 
at 80 mg/kg/day by oral administration for two or 
three weeks can increase blood pressure and cause 
severe endothelial dysfunction, making it suitable 
for studying remodeling or long-term vascular 
changes.10 A pretest was conducted to validate the 
experimental model before enrolling all mice for 
the study.
Training and recording BP in mice
	 Seven (07) groups for a total of forty-
two (42) male mice in groups of six (06) per 
experimental cage were recruited to the study. 
Before the experiments began, each mouse 
underwent seven (07) days of blood pressure 
recording training. In this study, all mice were 
selected for non-invasive blood pressure recording. 
We applied a tail cuff and used a plethysmometer 
called the Blood Pressure Recorder System 58 500 
from UGO BASILE. The parameters recorded were 
systolic and diastolic blood pressure and heart rate.
Substance administration
	 After 7 days of training, all groups of 
mice were labeled according to the substance 
administered to each mouse in the group. Thus,
• Group I =LNAME alone (80 mg/kg): daily 
administration of LNAME alone at a dose of 80 
mg/kg bw for 28 days (D7-D35);
• Group II =NaCl 0.9% (0.5 mL/kg): Administration 
of NaCl (0.9%) alone at a dose of 0.5 mL/kg bw 
for 28 days (D7-D35);
• Group III =EPV alone (20 mg/kg): Administration 
of EPV alone at a dose of 20 mg/kg bw for 28 days 
(D7-D35);
	 To induce an increase in blood pressure 

mimicking hypertension, LNAME (80 mg/kg/day) 
was administered orally for 14 days (2 weeks). 
However, LNAME administration continued after 
the 2-week (14-day) treatment intervention.
• Group IV =LNAME (80 mg/kg/day during 
28 days) +EPV (5 mg/kg for 14 days): daily 
administration of LNAME alone at a dose of 80 
mg/kg bw for 28 days (D7-D35), combined with 
daily treatment with EPV at a dose of 5 mg/kg bw 
from day 21 to day 35 (02 weeks) of the study;
• Group V =LNAME (80 mg/kg) +EPV (10 mg/kg): 
daily administration of LNAME alone at a dose of 
80 mg/kg bw for 28 days (D7-D35), combined with 
daily treatment with EPV at a dose of 10 mg/kg 
bw from day 21 to day 35 (02 weeks) of the study;
• Group VI =LNAME (80 mg/kg) +EPV (20 mg/
kg): daily administration of LNAME alone at 
a dose of 80 mg/kg bw for 28 days (D7-D35), 
combined with daily treatment with EPV at a dose 
of 20 mg/kg bw from day 21 to day 35 (02 weeks) 
of the study;
• Group VII= LNAME (80 mg/kg) +Captopril (5 
mg/kg): daily administration of LNAME alone 
at a dose of 80 mg/kg bw for 28 days (D7-D35) 
combined with daily treatment with captopril at 
a dose of 5 mg/kg bw from day 21 to day 35 (02 
weeks) of the study.
	 All substances were administered orally 
using a syringe with an oral feeding needle. During 
the study, parameters such as weight, water and 
food consumption, heart rate, and heart rate 
evolution were monitored. At the end of the study, 
mice were killed and vital organs such as the liver, 
heart, lung, and kidneys carefully removed for 
autopsy.
Assessment of the vascular protective activity 
of EPV on the thoracic aorta
	 Vascular protective activity was evaluated 
according to the earlier procedure of Ouedraogo 
et al.8 Mice aortas were isolated and recorded for 
vascular reactivity at cumulative concentrations 
of U46619 (reference vasoconstrictor substance), 
acetylcholine (ACh), and sodium nitroprusside 
(SNP). In short, the mice were fasted for 16 h and 
then humanely sacrificed after ketamine anesthesia 
(50 mg/kg). Then, the aorta was removed and 
separated into four (04) rings (1.6-2.0 mm) per 
mouse (n=6 per group). Each ring was mounted 
in an isolated organ chamber (DMT myograph 
system) with 5 mL of appropriately replenished, 
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oxygenated Krebs solution. The contractility of the 
ring to the KCl solution (80 mM) was measured 
following an equilibration phase lasting one hour 
at five (05) mN voltage, with the Krebs solution 
being replaced every 20 minutes. Washing the 
rings restored passive tension after the maximum 
amplitude was reached. To achieve maximum 
ring contraction, U46619 was then applied in 
a cumulative amount (10-9 to 3 x 10-7 M). After 
that, the rings were cleaned. We added a single 
concentration of U46619 corresponding to EC80 to 
the bath cell. When the curve reached its maximum, 
we administered acetylcholine as a single dose (3 
x 10 -5 M) to verify vascular endothelial integrity. 
Then, several rinse series were performed to 
clean the aorta. After returning to passive tension, 
we induced vasoconstriction by administering 
a single concentration of U46619. When the 
U46619 response curve plateaued, cumulative 
ACh was increased from 10-9 M to 3 x 10-5 M, and 
the vasorelaxant response of the aortic rings was 
assessed by SNP (10-9 to 3 x 10-5 M). 
Analysis of blood biochemical parameters
	 Following a 16-hour fast and ketamine 
anesthesia (50 mg/kg), the mice were humanely 
sacrificed at the end of the assay. For biochemical 
analysis, we collected blood via heart puncture into 
dry tubes (tubes devoid of anticoagulant agents). 
Blood sera collected after dry-tube centrifugation 
(3000 rpm for 10 min, ROTOFIX-32A, Germany) 
were subjected to biochemical analysis using 
an automated system (COBAS E411 Roche). 
These included alanine amino transferase (ALT), 
aspartate amino transferase (AST), gamma-
glutamyl transferase (GGT), alkaline phosphatase 
(ALP), sodium (Na+), potassium (K+), chloride 
(Cl-), creatinine (CREAT), uric acid (AU), total 
protein (TP), total cholesterol (CHO), Low Density 
Lipoprotein Cholesterol (LDL), High Density 
Lipoprotein-cholesterol (HDL), triglycerides 
(TG), calcium (Ca2+) and phosphate ion (PO4

3-) 
were determined using the COBAS E411 Roche 
automated system.
HPLC-DAD-MS-ESI + analysis
	 The analysis was carried out according to 
the protocol previously described in our work by 
Ouedraogo et al.11

Sample preparation
	 A mixture of dry EPV powder and 
methanol (0.1 g/mL, m/v) was vigorously vortexed 

and then placed in an ultrasonicator for 15 min. The 
mixture was filtered (0.45 µm), and 20 µL of the 
supernatant was injected into an HPLC system.
Chromatographic condition
	 The HP-1200 liquid chromatograph with 
the fourth pump, automatic sampler, DAD detector, 
and MS-6110 single-quadrant API-electrospray 
detector (Agilent Technologies, USA) was used 
for analysis. To search for phenolic compounds, 
we used positive ionization mode and a fragmentor 
voltage of 50–100 V. A Kinetex XB-C18 (5 µm; 4.5 
x 150 mm i.d.) column from Phenomenex, USA, 
was used. The mobile phases were water acidified 
with 0.1% formic acid (A), and acetonitrile 
acidified with 0.1% formic acid (B). A linear multi-
step gradient was delivered, starting at 5% B for 
2 minutes, increasing from 5% B to 90% B over 
20 minutes, holding at 90% B for 4 minutes, and 
decreasing to 5% B over 6 minutes. The analysis 
took 30 minutes in total, at a flow rate of 0.5 mL/
min and an oven temperature of 25.0±0.5 °C. Scan 
mode was used to detect positively charged ions 
via mass spectrometry. The following experimental 
parameters were used: capillary voltage 3000 
V, fragmentor 100 V, nebulizer pressure 35 psi, 
nitrogen flow 7 L/min, gas temperature 350° 
C, and m/z 120-1500. Chromatograms were 
acquired at l = 280 and l = 350 nm using Agilent 
ChemStation software. Using linear regression 
equations from calibration curves derived from 
six standard concentrations, peak areas were used 
to determine the concentrations of caffeic acid, 
rutin, quercetin, chlorogenic and neochlorogenic 
acids, and epicatechin. Results were expressed in 
milligrams per gram of extract.
Quantitative determination
	 Reproducibility and precision of the 
HPLC analysis were assessed using calibration 
curves of different standards. The hydroxybenzoic 
acid content was determined using a five-point 
calibration curve of gallic acid (y=33.624x+30.68, 
R2=0.9978), LOD = 0.35 µg/mL and LOQ= 1.05 
µg/mL. The hydroxycinnamic acid content was 
determined using a five-point calibration curve of 
chlorogenic acid (y=22.585x+36.728, R2=0.9937), 
LOD = 0.41 µg/mL, and LOQ =1.64 µg/mL in the 
linearity range10-50 µg/mL. The flavonol content 
was determined using a five-point calibration 
curve of rutin (y=26.935x-33.784, R2=0.9981), 
LOD = 0.21 µg/mL and LOQ = 0.84 µg/mL. The 
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flavanols content was determined using a five-
point calibration curve of catechin at 280 nm ( 
y=13.974x-84.634, R2=0.9994), LOD = 0.18 and 
LOQ = 0.72 µg/mL.
Statistical analysis
	 The data collected during the various 
tests were classified and processed using Microsoft 
Excel. Results were expressed as mean ± standard 
deviation. GraphPad PRISMv8.1.0 software was 
used to perform statistical tests and construct 
figures. A two-way ANOVA was performed, 
followed by a Bonferroni multiple post-hoc test.

Results

Antihypertensive effects of EPV on hypertensive 
mice
Effects of EPV on weight development in 
hypertensive mice
	 Daily oral administration of L-NAME 
for 14 days resulted in statistically significant 
weight loss compared with mice receiving NaCl 
and EPV20 (p<0.001). This weight loss continued 
in untreated hypertensive mice (L-NAME group) 
until the end of the study (Figure 1A). In contrast, 
captopril and EPV 5, 10, and 20 mg/kg gradually 
reduced weight loss in mice (Figure 1B). Worse, 
during the last week of the study (28–35 days), 
the weights of hypertensive mice treated with 
captopril, EPV5, EPV10, and EPV20 did not differ 
significantly from the NaCl control group (p>0.05).
Effect of EPV on the diet and water intake of 
hypertensive mice 
	 As shown in Figure 2 (A-B), average 
water consumption in non-treated hypertensive 
mice gradually increased, but differences were 
significant after 21 days (21-35 days) between NaCl 
and EPV20 groups. Treatment in hypertensive mice 
did not significantly change water consumption 
(p>0.05). In mice receiving only EPV (20 mg/
kg), diet did not differ significantly from the NaCl 
group. Furthermore, these groups did not differ 
significantly (Figure 2C). In contrast, throughout 
the study, mice given LNAME (80 mg/kg) alone 
had a significant reduction in appetite. Overall, 
appetite declined significantly in all groups treated 
with LNAME before treatment, compared with 
the normal NaCl control (p<0.05). Treatment with 
captopril (5 mg/kg), EPV (5 mg/kg, 10 mg/kg, and 
20 mg/kg) concomitant with LNAME enabled mice 

to regain this appetite during the last week of the 
study (Figure 2D), with a statistically significant 
difference in food intake (p<0.001).
Effects of EPV on blood pressure in hypertensive 
mice
	 Every mouse assigned to the study was 
trained to collect non-invasive tail blood pressure 
measures for seven (07) days. Consequently, SBP, 
DBP, and HR values were homogeneous, meaning 
they were at the same baseline (p>0.05). When 
mice received 80 mg/kg bw of L-NAME daily, 
their blood pressure levels gradually increased 
over the administration period, confirming 
induction of arterial hypertension (Figure 3A, 
3C, 3E). Compared with mice gavaged with 
NaCl and EPV alone, sustained daily LNAME 
treatment maintained hypertension throughout 
the investigation, with a statistically significant 
difference. Blood pressure parameters were 
significantly reduced in the respective groups when 
captopril was combined with EPV 5, 10, and 20 
mg/kg. After just seven (07) days of dosing, EPV 
plus captopril produced a statistically significant 
drop in blood pressure. After a week, captopril 
returned blood pressure readings to baseline, and 
this effect persisted until the study’s conclusion. 
Like captopril, EPV reduced blood pressure in 
hypertensive mice in a modest, dose-dependent 
manner (Fig. 3B, 3D, 3F). In mice, 48 hours 
after injection, EPV first reversed LNAME’s 
antihypertensive effect before causing a gradual 
drop in blood pressure. A decreasing variance in 
the dose-response curves for PAS, PAD, and HR 
illustrates this finding.
Protective effects of EPV on vascular 
endothelium
E f f e c t s  o f  E P V o n  U 4 6 6 1 9 - i n d u c e d 
vasoconstriction
	 After KCl elimination, the rings showed 
a contractile response to a progressive rise in 
U46619 concentrations (10-9 M to 10-7 M). With 
corresponding EC50s of 1.30±0.14 x 10-8 M and 
1.88±0.32 x 10-8 M, the concentration-effect curves 
for the 0.9 % NaCl and EPV alone at 20 mg/kg 
groups exhibit a nearly same pattern, according 
to graphic analysis in Figure 4A. No notable 
variations were observed between these groups. As 
illustrated in Figure 4B, the concentration-effect 
curves of the rings in the LNAME+EPV groups 
at 10 mg/kg (EC50= 1.01±0.00x10-8 M) can be 
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Fig. 1. Weight growth curve for hypertensive mice treated with LNAME, 
Captopril and EPV (n=6 for each group).

Abbreviations: EPV: Ethyl acetate fraction of P. vulgaris; NaCl: Sodium chloride; Cap: Captopril; LNAME:
Lω-Nitro Arginine Methyl Ester.
Statistical analysis: Two-way ANOVA with multiple post-test of Bonferroni
Note: * = P<0.05; ** = P<0.01

Fig. 2. Histogram of the variation in water and food consumption of hypertensive mice by LNAME and captopril 
and EPV treatments (n=6 for each group). 
Abbreviations: EPV: Ethyl acetate fraction of P. vulgaris; NaCl: Sodium chloride; Cap: Captopril; LNAME: Lω-
Nitro Arginine Methyl Ester. 
Statistical analysis: Two-way ANOVA with multiple post-test of Bonferroni. 
Note: * = P<0.05; ** = P<0.01; *** = P<0.001.
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Fig. 3. Dose-response curve showing the effect of captopril and EPV treatment on blood pressure in LNAME 
hypertensive mice (n=6 for each group). 

Abbreviations: EPV: Ethyl acetate fraction of P. vulgaris; NaCl: Sodium chloride; Cap: Captopril; LNAME: Lω-
Nitro Arginine Methyl Ester. 
Statistical analysis: (Two-way ANOVA with multiple post-test of Bonferroni). 
Note: * = P<0.05; *** = P<0.001.

superimposed on those in the LNAME+Captopril 
groups at 5 mg/kg (EC50= 1.03±0.08x10-8 M). With 
no discernible difference in efficacy (Emax), EPV 
(EC50= 7.99±0.30x10-9 M) demonstrated a stronger 
reactivity than captopril at 20 mg/kg.
Effects of EPV on NO-dependent vasorelaxation 
of ACh
	 The maximum relaxation induced by 
ACh on rings from mice in the EPV alone group 
at 20 mg/kg (Emax= 53.11±12.75 %) was lower than 
in the NaCl group. ACh was virtually unable to 
release aortic rings from the LNAME alone group 
at 80 mg/kg (Figure 4C). However, all rings from 
treated individuals were significantly released. 
Thus, rings from hypertensive mice treated with 
EPV at 20 mg/kg provided the best maximal 
relaxation (EC50 =1.41±0.07x10-6 M and Emax= 
72.38±5.81 %) versus 49.64±7.67 %, 31.81±4.40 
% and 38.65±5.78 % respectively for captopril 
(5 mg/kg), EPV (5 mg/kg) and EPV (10 mg/kg) 
treatments with a statistically significant difference 
(Figure 4D).

Effect of EPV on NO-independent vasorelaxation 
of SNP
	 Rings from treated mice showed powerful, 
statistically significant relaxation compared with 
rings from the LNAME group alone, with p<0.01 
(Figure 4E). Thus, the SNP concentration-effect 
curves of the groups treated with LNAME+EPV 
5 mg/kg,  LNAME+EPV 10 mg/kg,  and 
LNAME+EPV 20 mg/kg showed a similar trend 
to the curve of the LNAME+Captopril group, 
with maximum relaxation effects of 85.08±3.90 
%, 90.58±5.34 %, and 83.23±5.06 %, respectively 
(Figure 4F).
Effect of EPV on blood biochemical markers
	 Table I summarizes the biochemical 
parameters of mice sacrificed after day 35 of 
the study. The table shows hypernatremia and 
elevated creatinine in mice fed L-NAME alone, 
compared with those fed NaCl and EPV extracts 
alone (20 mg/kg). Mice treated with 5, 10, and 
20 mg/kg showed lower natremia and creatinine 
levels than hypertensive mice (L-NAME alone), 
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Fig. 4. Concentration-response curve showing the effect of captopril and EPV treatment on aortic vascular 
endothelium in LNAME hypertensive mice (n=6 for each group). 

Abbreviations: EPV: Ethyl acetate fraction of P. vulgaris; NaCl: Sodium chloride; Cap: Captopril; LNAME: Lω-
Nitro Arginine Methyl Ester. 
Statistical analysis: (Two-way ANOVA with multiple post-test of Bonferroni). 
Note: *** = P<0.01; **** = P<0.001; # = P<0.05.

with no significant differences. The statistical 
analysis showed no significant differences in 
plasma potassium and calcium between treated 
and untreated groups. Similarly, lipid values (total 
cholesterol, HDL, LDL, and triglycerides) in 
treated and untreated mice showed no significant 
variations (p>0.05). Liver biomarkers (ASAT, 
ALAT, ALP, and GGT) in mice treated with EPV 
and captopril were significantly reduced compared 
to untreated hypertensive mice (p<0.05
Effects of EPV on variation in relative vital 
organ weight
	 Table II reports the average relative weight 
of vital organs (liver, heart, lungs, spleen, kidneys) 
in mice randomized to the study. Statistical analysis 
showed no significant difference in weight between 
the treated and normal groups.
LC-MS chromatographic profile of phenolic 
compounds in EPV
Chromatogram and identification of bioactive 
compounds

	 Figures 5 and 6 show, respectively, the 
chromatogram profiles and bioactive compounds 
identified in the EPV fraction obtained by high-
performance liquid chromatography coupled 
with mass spectrophotometric detection (HPLC-
MS-DAD ESI+). The analysis detected three 
major peaks. These included peaks with retention 
times of 11.764 min, 12.768 min, and 16.139 
min. After processing the mass spectra, these 
compounds were identified as 5-caffeoylquinic 
acid, 5-p-coumaroylquinic acid, and quercetin 
glucoside, respectively. A total of fourteen (14) 
compounds were identified in EPV.
Quantification of bioactive compounds
	 The levels of each identified compound 
were determined using the calibration line equation 
for its reference standard. The coefficient of 
determination (r2) was 0.99 for hydroxybenzoic 
acid (linearity 10-100 µg/mL), hydroxycinnamic 
acid (linearity 10-50 µg/mL), rutin (linearity 10-
100 µg/mL), and catechin (linearity 10-100 µg/



2685 Ouedraogo et al., Biomed. & Pharmacol. J,  Vol. 19(3), 2675-2689 (2026)

Fig. 5. Chromatogram of the ethyl acetate fraction of P. vulgaris at 280 nm (A) and 340 nm (B)

mL). These contents, expressed in mg/g dry extract, 
are shown in Table III. 

Discussion

	 The use of herbal extracts to treat and 
prevent cardiovascular disease risk factors, 
including high blood pressure, is increasing 
rapidly. Indeed, the literature shows that these 
natural extracts contain a variety of bioactive 
phytochemical compounds that have synergistic 
effects on heart and vascular health.12 In our 
previous studies on Phaseolus vulgaris pods, we 
established the antioxidant, vasorelaxant,9 and 
safety potential of this plant decoction within the 
dose range of 5000 mg/kg, with non-deleterious 
effects on essential organs.3 EPV is the most active 
component of this totum. This paper describes 
the in vivo pharmacological properties of the 
EPV fraction administered to hypertensive mice, 
analyzing its effects on blood pressure regulation 
and vascular endothelium in experimental murine 
hypertension, including potential organ side 
effects. The experimental model chosen in this 
study was oral LNAME administration to induce 
hypertension. This model is justified because it is 
well documented in the literature and is appreciated 
for its ability to mimic pathological changes in 
cardiovascular systems and physical parameters 
in random animals.13,14 Systolic and diastolic 
blood pressure, as well as heart rate, increased 
significantly compared with mice that did not 
receive this hypertensive agent. Several authors 
have confirmed this hemodynamic assessment of 
blood pressure, showing that LNAME causes blood 
pressure dysfunction through effects on G protein-
associated receptors and the renin-angiotensin 
system.15 This observation supports the model of 

hypertension induction through LNAME intake. 
Physiologically, LNAME is an analog of L-arginine 
that binds to NOS in the endothelium, restricting 
NO biosynthesis and release.16,17 The role of  NO 
in cell signaling, especially in the vascular system, 
has been extensively demonstrated, as its inability 
leads to functional dysfunction in the vessel 
dilatation cycle.18,19 In addition to its effects on 
the renin-angiotensin-aldosterone system (RAAS), 
L-NAME is thought to reduce wall thickness 
and alter the vascular wall.20 To this end, this 
study investigated the vascular reactivity of the 
thoracic aorta of randomized mice and verified its 
integrity. The results showed that the aortic rings 
of untreated hypertensive mice (only LNAME 
group (80 mg/kg)) have very low vasorelaxant 
reactivity, indicating that endothelial cell integrity 
is compromised and that NO production or 
bioavailability has declined considerably. The 
reference treatment, captopril, was initially used 
to reduce blood pressure. Captopril, an inhibitor 
of the RAAS system, is highly valued for its 
effectiveness, availability, and relatively low cost 
in health facilities in Africa, especially in Burkina 
Faso, particularly for hypertension patients with 
limited income.5,21 Furthermore, captopril induced 
a leftward shift in the ACh and SNP concentration 
curves, reflecting potential protective effects on 
the vascular endothelium. The authors classify 
it as an ACE inhibitor and show that captopril 
has considerable advantages in protecting the 
vascular endothelium.22,23 In high-tension mice, 
EPV doses produced effects similar to captopril, 
with variable and moderate intensity. The doses 
of 5, 10, and 20 mg/kg EPV produced dose-
dependent antihypertensive effects similar to 
those in hypertensive mice. The 20 mg/kg dose, 
the most potent and effective, has a profile similar 
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Fig. 6. Chromatographic profile and major bioactive compounds of the ethyl acetate fraction of P. vulgaris

to captopril. EPV’s effectiveness can be explained 
by its strong antioxidant activity and vasorelaxant 
effects.9 Due to these properties, EPV can mimic 
captopril’s action by inhibiting ACE and causing 
a progressive decline in SBP, DBP, and HR. In 
addition to the effect of reducing blood pressure, 
EPV showed a better concentration-dependent 
vasorelaxant reaction and a deviation from the 
concentration-effect curves of ACh and SNP on 
aortic rings in treatment mice with hypertension 
compared to rings alone in the L-NAME group. 

This trend may reflect high endothelial reactivity 
and protection of its structural integrity against the 
harmful effects of L-NAME. These EPV results 
may be explained by its rich content of bioactive 
phenolic compounds, which previous research has 
linked to hypertension treatment, vasorelaxation, 
antioxidant activity, and vascular protection. 
Indeed, analysis of EPV’s liquid chromatographic 
profile revealed a wide range of natural compounds, 
including quercetin derivatives, gallic acid, 
chlorogenic acid, p-coumaroylquinic acid, and 
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kaempferol. Previous studies have shown that 
quercetin can improve endothelial function by 
increasing NO production.24,25 Gallic acid also 
reduces blood pressure by attenuating oxidative 
stress.26,27 In addition to gallic acid, p-coumaroyl 
acid also has antioxidant and vasorelaxant 
properties.28,29 These plant components, with their 
diverse pharmacological properties, also support 
the antihypertensive potential of EPV. Thus, the 
complex of chlorogenic acid, gallic acid, quercetin, 
and kaempferol may explain the antihypertensive 
efficacy and vascular protection. Through these 
molecules, EPV could contribute to reducing 
oxidative stress by lowering BP, improving 
endothelial function and NO bioavailability via 
the NO-cGMP-PKG pathway by modulating 
endothelium-dependent vasorelaxation, or by 
catalyzing the release of endothelial NO at the 
cellular level, all of which contribute to a reduction 
in blood pressure. The biochemical balance of 
mice randomized to the study indicated that 
untreated hypertensive animals had increased 
plasma creatinine and sodium. Higher creatinine 
levels associated with high blood pressure in 
mice in the LNAME group could also play a role 
in reversible kidney blood pressure regulation 
and support hypertension development. In fact, 
abnormal creatinine and sodium levels can cause 
renal dysfunction, electrolyte and water imbalance, 
increased peripheral resistance, and dysregulation 
of the renin-angiotensin-aldosterone system.30 
Captopril and EPV administered to hypertensive 
mice improve blood pressure regulation and 
reduce natremia and creatinemia. Increased liver 
and biliary biomarkers reflect impairments in liver 
function. Although indirectly involved in arterial 
hypertension, this biochemical assessment reflects 
metabolic syndrome. The nutraceutical potential of 
this part of P. vulgaris may explain improvements 
in the functional parameters of mice treated with 
EPV. Several authors reported the mineral salts, 
carbohydrates, and lipids of P. vulgaris.31,32 
Limits and perspectives
	 Given the methodology and results, 
we note limitations related to the lack of 
pharmacokinetic data supporting the bioavailability 
of the effective dose used. The various bioactive 
compounds chlorogenic acid, gallic acid, quercetin, 
and kaempferol have not been isolated, making 
it difficult to determine the dose effectively 

available at the vascular level. A trial combining 
the EPV fraction and the reference captopril 
would be conducted to verify the hypothesis of 
possible synergy between these two substances. 
The model is murine, and extrapolating the 
dose to humans remains difficult to determine 
or confirm. Because NO production was not 
quantified, it is not possible to conclude whether 
NO concentration fluctuates at different stages of 
induced hypertension in this model. Tests on in 
vitro cell models are being conducted to determine 
EPV’s impact on NO production. Also consider 
the use of only male mice, the lack of comparison 
with additional antihypertensive mechanisms, the 
absence of pharmacokinetic data, the lack of direct 
NO measurement, and the limited translational 
relevance of the L-NAME model.

Conclusion 

	 This study showed that EPV has an 
antihypertensive effect by reducing heart rate 
and systolic blood pressure in LNAME-induced 
hypertensive mice. Furthermore, the research 
showed a significant reduction in vasoconstriction 
due to the contracting agent U46619, indicating an 
effect on NO-dependent vasodilators in the aorta in 
vivo. These properties of EPV may help to protect 
the vascular bed from damage and/or functional 
abnormalities. The phytochemical report identified 
bioactive compounds with antihypertensive and 
vasorelaxant properties, which helped to justify the 
antihypertensive and vasorelaxant effectiveness of 
EPV.
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