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Background: Hypertension is a major global public health concern. Many
communities in developing countries still rely on medicinal plants as a source
of primary healthcare for treatment of hypertension instead of conventional
antihypertensive drugs. Steganotaenia araliacea is traditionally used to treat
hypertension, but no scientific study has been conducted to prove its efficacy;
hence, we carried out this work.

Aims of the study: This study evaluated the vasorelaxant effect of a phenolic-rich
extract from the roots of S. araliacea on isolated rat aortic rings.

Methods: Fresh roots of S. araliacea collected from Chongwe district, Zambia,
were dried and ground to fine powder, and polyphenols were extracted by
maceration. An ex vivo experiment was carried out to test the S. araliacea
polyphenol-rich extract (SAPE) on isolated rat aortic rings. Isometric tension
measurements on the aortic rings were evaluated to study the vasodilatory
effects using the tissue/organ bath and the PowerLab data acquisition system.
Phenylephrine (PE) was used for pre-contraction of the aortic rings, and
cumulative concentrations (0.2 mg/mL to 16.91 mg/mL) of SAPE were tested
to antagonize the aortic contraction. Acetylcholine (ACh) and sodium
nitroprusside (SNP) served as the standard drugs for inducing dilatory effects
against PE. L-nitro-arginine-methyl-ester (L-NAME) was applied to block
endothelial nitric oxide synthase (eNOS) activity for establishing the possible
involvement of the NO/cGMP mechanism of action.

Results: The total polyphenol content ranged from 952 ± 3.40 mg gallic acid
equivalent (GAE/100 g) to 97.8 ± 1.20 mg GAE/100 g of dry extract. The
methanolic extract induced significant dilatory effects on the endothelium
intact and denuded aortic rings, with the maximum percentage relaxation of
98.9% ± 0.714% and 97.29% ± 3.34%, respectively. The median IC50 values were
5.07 ± 1.05 mg/mL and 5.56 ± 1.08 mg/mL, respectively. Vasodilatory effects
were significantly reduced in the presence of L-NAME, with p value < 0.05. The
aqueous root extract was found to be practically nontoxic at a concentration of
10,000 mg/kg in mice.
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Conclusion: This study demonstrated that the polyphenol-rich extract of S.
araliacea produces significant vasodilatory effects, demonstrating potential to
act as an antihypertensive agent. Further studies are needed to validate these
findings.

KEYWORDS

Steganotaenia araliacea polyphenol-rich extract, vasodilation, isometric tension change,
endothelium-dependent/and or independent vasodilation/relaxation, rat aorta rings,
safety, acute toxicity

1 Introduction

Hypertension is a major public health concern, and the burden
of untreated and uncontrolled conditions remains high because of
the complex pathophysiology of this disorder. In Zambia, the
prevalence of hypertension among adults aged ≥ 18 years is
30.7% (Fastone et al., 2021). In urban Lusaka, the prevalence rate
is 34.8% (Goma et al., 2017). A cross-sectional study conducted by
Kathy Lynn et al. (2018) revealed the prevalence rate of 46.9%
among rural Zambians of the western province.

Despite the development and approval of conventional
antihypertensive drugs for managing this disorder, many
communities in Africa still rely on traditional medicines for
treatment (Lassale et al., 2022; Nyirenda and Chipuwa, 2024).
For example, metabolites derived from some herbs and
spices such as Panax ginseng have been proven to reduce
hypertension by exerting antioxidant properties and

generating nitric oxide (NO) via the stimulation of the
eNOS-NO signaling pathway (Liu and Huang, 2016).
Steganotaenia araliacea is used in folk medicine, and it has
been extensively studied for its medicinal properties. It is found
in many tropical regions of Africa and is generally referred to as
carrot tree. Other plants such as Anacardium occidentale
(Nyirenda and Chipuwa, 2024; Nyirenda et al., 2024) have
also been shown to have a variety of uses, including the
treatment of diabetes and hypertension.

In Zambia, the plant is referred to as “Fyopola” by the locals of
the Chongwe district and is reportedly used in folk medicine as a
uterotonic agent to enhance parturition during labor (Hajj Magalie
et al., 2020) and for treating various other conditions (Pharaoh et al.,
2021) including hypertensive disorders and other cardiovascular
diseases (CVDs) in humans (Andemariam, 2010).

Phytochemical investigation and structural characterization
studies of S. araliacea extracts have revealed the presence of
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different classes and sub-classes of polyphenols. For example, one
particular study showed the presence of two flavonoids that were
structurally identified as apigenin-4-glucoside-1 and
sophoraflavone B2 (Omolo et al., 2014). The CG-MS and LC-
SPEC-NMR analyses of the methanol extract of S. araliacea seeds
and stem bark showed the presence of other classes of
polyphenolic compounds identified as apiol (5-Allyl-4,7-
dimethoxy-benzo(1,3) dioxole), scoparone (6,7-
dimethoxycourmarin), stigmasterol, and falcarinol (Mussie
Sium et al., 2014; Rica et al., 2015). In Zimbabwe, other
polyphenols identified as anthocyanins and tannins were
found in the bark of S. araliacea (Mazuru, 2019).

The mentioned active polyphenolic principles, extracted and
purified from several other medicinal plants, are beneficial to
mammalian blood vessels. They have been shown to significantly
reduce arterial stiffness and enhance the compliance and function of
the vascular smooth muscle (Mona et al., 2020). For example,
apigenin-4-glucoside is a phenolic metabolite that is reported to
protect endothelial-dependent relaxation against oxidative stress
and ameliorate endothelial dysfunction by increasing the
bioavailability of NO in rat aortas (Bi-hui et al., 2009; Yong-He
et al., 2000).

Vascular smooth muscle cells play an integral part in
the maintenance of vascular homeostasis through active
contraction and relaxation (Gao, 2022). Hypertension and
associated CVDs are reported to compromise the integrity of
the vascular smooth muscles by reducing the compliance
of peripheral arteries as well as increasing the stiffness of
blood vessel walls (Cavalcante et al., 2011). One of the major
underlying cause is the reduced generation of relaxing factors
such as NO and prostacyclin from the endothelial cells of blood
vessels and increased oxidative stress and/or reactive oxygen
species (ROS), leading to endothelial cell injury and
dysfunction and resulting in various forms of hypertensive
disorders (Touyz et al., 2018).

Studies have shown that interventions aimed at improving
the vascular function, either with traditional or conventional
remedies, can be safe and potentially effective. However, the
effects of S. araliacea polyphenols on vascular smooth muscle
remained unclear. Therefore, the present study sought to
investigate the vasodilatory effects of crude total polyphenols
extracted from S. araliacea on isolated rat aorta rings in order to
substantiate the usage of S. araliacea in the management of
hypertension.

2 Materials and methods

2.1 Chemical reagents and drugs

Phenylephrine (PE), acetylcholine chloride (ACh),
sodium nitroprusside (SNP), NG-nitro-L-arginine methyl-ester
(L-NAME), and gallic acid were procured from Merck (Sigma-
Aldrich Co.), whereas Folin–Ciocalteu (F–C) reagent,
hexane, chloroform, ethyl estate, acetone, methanol, and
ethanol were purchased from HiMedia. Pentobarbital sodium
was procured from Livestock Services Cooperative Society,
Lusaka, Zambia.

2.2 Plant material collection and
identification

S. araliacea Hochst (Apiaceae) root materials were collected
from their natural habitat at the University of Zambia (UNZA),
Liempe Farm (located at 15° 24ʹ south and 28° 28ʹ east at 1,171 m
above sea level), in Chongwe region, Lusaka province, Zambia.
Taxonomic identification of the plant was done by UNZA,
School of Natural Sciences, Biological Sciences Department
Herbarium, where a voucher specimen (No. 22289)
was deposited.

2.3 Preparation of the plant material and
polyphenol extraction

Approximately 1 kg of dried and finely ground root bark of S.
araliacea was macerated three times in 20% methanol under
stirring, as described by Vivian Caetano et al. (2014). Other
extracting solvents included ethanol, acetone, hexane (absolute),
and chloroform (absolute). The extracts were then discretely
filtered, and, for phase separations, the filtrates were
successfully partitioned in chloroform to separate the aqueous
portions containing polyphenols from other nonpolar ones using
separating funnels (Nino et al., 2016). The aqueous portions were
concentrated to dryness at 40 °C using a rotary evaporator to yield
the crude polyphenol-rich extracts from methanol, ethanol,
and acetone.

2.4 Determination of the total
polyphenolic content

The total polyphenolic content was estimated by the F–C
spectrophotometric procedure, as described by Singleton Vernon
et al. (1999) and revised by Sánchez-Rangel et al. (2013). This
method is dependent on the reduction–oxidation reaction
between phenolic compounds and sodium carbonate to form
phenolates, which in turn reduces the yellow F–C reagent
(phosphomolybdic/phosphotungstic acid) to form blue
complexes. The intensity of this complex is
spectrophotometrically determined to estimate the total
polyphenolic content by reading the absorbance (ABS)
at 760 nm.

Dry polyphenolic plant extracts were reconstituted in the
respective extracting solvents to form solutions of known
concentrations. The F–C reactions were then induced by adding
0.5 mL of the extract to 2.5 mL of 10% F–C reagent and 2.5 mL of
7.5% sodium carbonate, and the solution was incubated at 45 oC for
30 min before reading the absorbance with a UV–visible
spectrophotometer. The reconstituting solvents without any
extracts were used as negative controls. All the samples were
prepared in triplicates, and the mean values of absorbance (ABS)
readings were computed for the determination of gallic acid
equivalents. Total polyphenolic contents (TPCs) were then
expressed as mg of gallic acid equivalent (GAE) per 100 g of dry
powdered plant extract from a 10-point gallic acid standard
calibration curve ranging from 0 μg/mL to 180 μg/mL (Figure 1).
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The TPCs of the extracts described were calculated from the
mean values of optical density (O.D.) triplicate readings by using the
following formula:

C � C1 xV/m,

where C = TPC in mg/g GAE (gallic acid equivalent), C1 =
concentration of gallic acid established from the standard
calibration curve in µg/mL (y = 0.01x - 0.068: r2 = 0.996; y is the
absorbance; x is the solution concentration), V = volume of extract
in ml, and m = the weight of the plant extract in grams.

The TPC was expressed in mg of gallic acid equivalent (GAE)/
100 g of the powdered crude plant extract, and the study narrowed
down to a single extracting solvent combination that yielded the
highest polyphenolic content for studying the vasorelaxant effects on
isolated rat aortas.

2.5 Laboratory animals

Male Wistar rats weighing between 180 g and 250 g housed in
the animal unit under the Physiological Sciences Department at the
University of Zambia, were kept in a 12-h light/dark cycle and given
free access to standard animal feed pellets with clean drinking water,
as guided by the Institute for Animal Care and Use Committee
published by the US national Institutes of Health (Council National
Research et al., 2011). Wistar albino rats are a preferred laboratory
animal model because of their anatomical, genetic, and physiological
similarities to humans, and they are easy to handle and maintain
(Bryda, 2013).

2.6 Acute toxicity test (LD50 determination)

Acute toxicity tests were carried out using mice. The method
described by Bernas et al. (2004) was used to determine the
approximate lethal dose (ALD). For this, 12 mice were randomly
separated into six groups of two mice each. The crude extract was
dissolved in water and administered orally to the mice using
22 G metal gavage feeding needles and syringes. Starting at

10 mg/kg, the doses were logarithmically increased at 0.6 log
units, corresponding to the following doses—10, 40, 160, 630,
2,512, and 10,000 mg/kg. The animals were observed overnight,
and the number of deaths in each group was recorded. The
highest dose that caused no deaths and the next higher dose
at which death occurred defined the lower and upper limits,
respectively, of the approximate lethal dose. Using the ALD as a
guide, the actual LD50 was determined in a set of 25 mice. These
were separated into five groups of five mice each, and five doses
were chosen between the upper and lower limits of the ALD as
follows: 1,000, 2,000, 5,000, 7,500, and 10,000 mg/kg. These were
administered orally to the five respective groups. The animals
were left overnight, and after that, the number of deaths in each
group was recorded, and the LD50 was determined by probit
analysis (Akçay, 2013) using SPSS 21 (IBM Corporation,
Armonk, New York).

2.7 Vascular reactivity setup

Male Wistar albino rats (180 g–250 g) were anesthetized with an
allowable dose of 60 mg/kg of pentobarbital sodium and sacrificed
by cervical decapitation in accordance with the Institutional Animal
Care and Use Committee guidelines (Welfare National Institutes of
Health, 2002), and a segment of the descending thoracic aortas was
painstakingly excised and immediately placed in aerated
Krebs–Henseleit buffer physiological salt solution (PSS)
containing NaCl, 130 mM; KCl, 4.7 mM; CaCl2, 1.6 mM;
MgSO4, 1.2 mM; KH2PO4, 1.2 mM; NaHCO3, 14.9 mM; EDTA,
0.026 mM; and glucose, 5.5 mM at pH 7.4, in accordance with the
procedure (Fredalina et al., 2018).

Fat and all the connective tissues were removed, and the aortic
tissues were segmented into 3–4-mm rings. Each aortic ring was
suspended in a 25-mL organ bath chamber by means of two (2)
L-shaped stainless steel hooks running parallel through the aortic
lumen. In order to record andmeasure the isometric tension change,
the upper hook was tied to one end of a thread, and the other end
was tied to the isometric force transducer (model: MLT 210/A, AD
Instruments, Australia), which, in turn, through a signal amplifier-
ML301, was connected to the PowerLab 26T Data Acquisition unit
(model: ML 856, AD instruments, Australia), and LabChart version
8 software was used for data recording. The temperature of Kreb’s
solution in the organ bath chambers was maintained at 37 oC with
constant aeration. The aortic ring tissues were allowed to equilibrate
for 45 min and washed three times at 15-min intervals, and
thereafter, the resting baseline tension was set at 30 mN. In order
to ascertain the viability of the aorta rings, the normal PSS
(Krebs–Henseleit) was substituted with high potassium PSS
(60 mM K+ PSS), and the rings were allowed to constrict to a
steady “plateau” tension before washing them off with normal PSS to
restore the resting baseline tension.

The denudation of the aortic endothelium for endothelial
independent relaxation bioactivity was achieved by gently
rubbing against the luminal surface with a cotton material tied
around a thin stainless wire before suspending the ring segments
into organ bath chambers. Endothelial denudation was confirmed
by graded concentrations of the endothelial dependent agonist,
acetylcholine, which could only produce an average

FIGURE 1
Gallic acid standard curve with Folin–Ciocalteu reagent.
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vasorelaxation of less than 10% against phenylephrine (PE)
precontracted aortic tissue.

2.8 Experimental design

2.8.1 Effect of standard ACh and SNP on
contractions induced by PE

PE (0.02 μg/mL) (Fredalina et al., 2018), an α1-adrenergic
receptor agonist, was introduced to constrict the aortas until the
tension “plateaued,” as in the case of 60 mM K+PSS. Two-fold
graded serial concentrations of standard acetylcholine (ACh) were
then cumulatively added at 5-min time intervals to the final organ
bath concentration (FBC) of 0.005 μg/mL and increased up to
19.11 μg/mL (shown in Figure 2b). The recorded isometric
tension changes were computed for the construction of an
endothelium-dependent dose–response relationship curve. For
endothelial-independent vasorelaxation, sodium nitroprusside was
applied with the serial grading concentration ranging from 0.005 μg/
mL up to 0.31 μg/ml, as shown in Figure 2c. The experimental
procedures on both intact and denuded aortic rings were replicated
six times on different aortic rings.

2.8.2 Effect of SAPE on endothelium intact and
denuded aortas

The aqueous-methanolic (80:20 %v/v) dry polyphenolic
extract was re-constituted in normal physiological salt solution
(Krebs–Henseleit buffer) as a stock concentrate to be applied for
further dilution in the 25-mL organ bath chamber. Rat aorta ring
preparations were pre-contracted with 0.1 µM (0.02 μg/mL) PE,
and upon reaching sustained “plateau” tension, two-fold serial
graded concentrations of S. araliacea polyphenols were
cumulatively introduced to the FBC ranging from 0.2 mg/mL to
16.91 mg/mL at 5-min intervals. The selection of the graded
concentrations was based on the concentration–response
relationship and receptor occupation concept (Chung-Chuan
et al., 2010; Yagiela et al., 2010). Vasodilatory effects of SAPE
were assessed by changes in isometric tension. The change was
calculated as a percentage of sustained contraction by 0.1 µM
(0.02 μg/mL) PE, and the effective concentration at 50% of the
maximum dilation (relaxation, IC50), extrapolated from the
concentration (dose)–response curve, was used for comparative
analysis between endothelium-intact and denuded aortas. This was
further investigated to characterize a possible mechanism of action
involving the generation of NO from endothelial cells. To achieve

FIGURE 2
(a) Vasodilatory effects of standard acetylcholine and sodium nitroprusside showing the standard concentration (dose)–response relationships of
vasodilation induced in endothelium-intact and denuded rat aortas, respectively. Spearman’s correlation coefficients of r = 0.997 and 0.996, respectively,
show a strong association of an increase in the concentrationwith increasing vasodilation (vasorelaxation). P-value less than 0.0001 showed significance.
Values are expressed as mean ± SEM of six experiments (n = 6 rings). (b) Trace of reducing isometric tension, signifying vasodilation (relaxation),
because of the standard acetylcholine cumulative doses ranging from 0.005 μg/mL up to 19.11 μg/mL on the intact endothelium of rat aortas. (c) Trace of
reducing isometric tension, signifying vasodilation (relaxation), because of the standard sodium nitroprusside cumulative doses ranging from 0.005 μg/
mL up to 0.31 μg/mL on the denuded endothelium of rat aortas. (d) Sustained aortic tissue contracture despite the presence of acetylcholine doses. The
pre-contracture lasted for over 1 h, and the recorded tension drop was less than 10%.
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this objective, L-nitro-arginine-methyl-ester (L-NAME) was
applied to endothelial intact aortas to block the endothelial NO
synthase activity from releasing NO from L-arginine. Six replicates
of the experiments were performed on both the intact and
denuded-endothelium aortic ring segments to study the
vasodilatory effects of SAPE on vascular smooth muscles.

2.9 Data analysis

Values were expressed as means ± standard error of the mean
(SEM). Experiments on TPC were performed in triplicates, and a
standard gallic acid calibration curve was constructed to obtain
linear regression equation for analysis of TPC. Relaxant responses
(isometric tension change) to TPC were normalized and expressed
as percentage relaxation against the PE-induced maximal
contraction level (plateau tension). The reversal of PE pre-
contracture by SAPE (antagonist) to zero baseline tension was
considered 100% relaxation. The concentration (dose)–response
curves were constructed using a non-linear curve-fit model to
obtain IC50 values, and the relationships were analyzed using
Spearman’s correlation coefficient test. Each point of the plotted
graph is represented by mean ± SEM of six replicates of the
experiments. Values of p < 0.05 were considered significant on
the applied statistical tools (Mann–Whitney t-test for analyzing the
difference in the presence and absence of L-NAME and for
endothelial denuded and non-denuded aortas in response to
SAPE) using GraphPad prism software version 10.3.0. The IC50

values were obtained by the variable sigmoid slope of the
concentration–response curves.

3 Results

3.1 Analysis of the total polyphenolic content
of Steganotaenia araliacea

The F–C method of polyphenolic content analysis (Figure 1)
revealed varying concentrations of total polyphenols extracted
with solvents of varying polarities, as shown in Table 1. The
methanolic extract yielded the highest TPC estimated as
952.00 ± 3.4 mg GAE/100 g of dry root powdered material of
S. araliacea plant. Chloroform contained the least polyphenol
content yield of 97.78 ± 1.2 mg GAE/100 g. Therefore, the
methanolic extract was preferred for subsequent investigations
of studying the vasodilatory effects on rat thoracic aortas.

3.2 Acute toxicity (LD50) studies

None of the mice died at any of the six doses used for the ALD or
the five doses used for the actual LD50 determination. Therefore, the
LD50 was estimated to be greater than 10,000 mg/kg. This value is
much higher than previously reported values from similar studies
that utilized the stem-bark of the plant. For example, Agunu et al.
(2003) and Agunu et al. (2005) reported an oral median lethal dose
value of 1,750 mg/kg for the stem-bark of S. araliacea. This
difference may be because of the use of different plant parts (the
stem-bark) in those studies or because of the environments in which
the plants grew. For other plant species, LD50 values reported in
literature vary widely (Onwusonye et al., 2014; Vaithiyanathan and
Mirunalini, 2015). The researchers believe that this is the first report
on the safety of the root extract of S. araliacea. Based on the
Hodge–Steiner toxicity scale (Hodge Harold and Sterner James,
1949), substances with oral LD50 values between 5,000 mg/kg and
15,000 mg/kg in rats could be regarded as “Practically Non-toxic.”
Based on this, it was concluded that the aqueous root extract of S.
araliacea harvested in Zambia was practically non-toxic to rodents.
The extent to which this conclusion could be extrapolated to
humans is unclear.

3.3 Vasodilatory effects of acetylcholine and
sodium nitroprusside standards

Acetylcholine was applied as a standard because it is associated
with endothelial-dependent effects in terms of vascular smooth
muscle relaxation, although physiologically, it is not a significant
contributor to arterial tone as there is no parasympathetic supply to
the arterial muscle. However, acetylcholine causes vasodilation by
releasing NO from the endothelial cells. NO rapidly diffuses to
adjacent smooth muscle cells, where it activates the soluble
guanylate cyclase (sGC) with the generation of cyclic guanosine
monophosphate (cGMP), resulting in decreased [Ca2+] and
induction of vasodilation (Aamer et al., 2010). On the other
hand, sodium nitroprusside acts directly on the vascular smooth
muscle by reacting with tissue sulfhydryl groups with the release of
NO (Bonaventura et al., 2008).

The vasodilatory effects of the standard ACh and SNP are
presented in Figure 2a, and their attained maximum (Emax)
percentage relaxations were evaluated as 96.36% ± 0.31% and
91.41% ± 0.14% at the cumulative doses of 19.11 μg/mL and
0.31 μg/mL, respectively. The IC50 values for the standards were
extrapolated as 0.64 μg/mL and 0.016 μg/mL. Figures 2b,c

TABLE 1 Total polyphenol content yields.

Extracting solvent Percentage yield (%) Gallic acid (mg/mL) TPC, mg GAE/100 g

Methanol, 20% 17.40 ± 1.12 0.714 ± 0.006 952.00 ± 3.4

Ethanol, 20% 15.75 ± 0.36 0.652 ± 0.003 869.33 ± 2.9

Acetone, 20% 19.85 ± 0.81 0.631 ± 0.007 841.28 ± 3.1

Hexane 1.10 ± 0.17 0.033 ± 0.002 103.41 ± 1.6

Chloroform 0.36 ± 0.09 0.018 ± 0.001 97.78 ± 1.2
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demonstrate parts of the actual traces of data recordings, showing
isometric tension reduction signifying vasodilation. Figure 2d
confirms the denudation of the aortic endothelium by its
sustained contracture despite the additions of acetylcholine doses.

3.3.1 Trace of isometric tension change due to the
ACh relaxation effect

Figure 2b shows the trace of isometric tension change due to the
relaxation effects of acetylcholine.

3.3.2 Trace of isometric tension change due to the
SNP relaxation effect

Figure 2c shows the trace of isometric tension change due to the
relaxation effects of sodium nitroprusside.

3.3.3 Trace of sustained isometric tension of the
aortic ring contracture

Figure 2d shows the trace of sustained isometric tension of the
aortic ring despite presence of acetylcholine.

3.4 Vasodilatory effects of SAPE

The methanolic polyphenol-rich extract of S. araliacea
(0.2–16.91 mg/mL FBC: TPC = 4.72 mg GAE/g) induced
concentration-dependent vasodilatory effects on both
endothelium-intact and denuded rat thoracic aortas that were
pre-contracted with 0.02 μg/mL of PE (0.1 µM). The maximum
effects (Emax) in terms of the vasodilation percentages were recorded
as 98.90% ± 0.714% and 97.29% ± 3.34% at the total cumulative
concentration of 16.91 mg/mL, respectively. The derived median
IC50 values of the SAPE on endothelium-intact aortas was 5.07 ±
1.05 mg/mL (1.44 mg GAE/g), while that of endothelium-denuded
aortic rings was recorded as 5.56 ± 1.08 mg/mL (1.58 mg GAE/g), as
shown in Table 2 and Figure 3. The effective range and IC50 values of
SAPE appear to be very high compared to those of the standard ACh
or SNP. This huge discrepancy is attributed to the presence of several
other compounds of the crude extract, which may not impact any
bioactivity of interest. Experimental trace recordings of the isometric
tension change in Figures 4a, b demonstrate the induction of
vasodilations (relaxations) of the isolated rat aortas by SAPE.

3.4.1 Experimental trace recording of isometric
tension change

Figure 4a shows the trace of isometric tension change on
endothelium intact aortic rings as a result of cumulative doses of
the SAPE in the 0.2 to 16.91 mg/ml concentration range.

3.4.2 Experimental trace recording of isometric
tension change

Figure 4b shows the trace of isometric tension change on
endothelium denuded aortic rings as a result of cumulative doses
of the SAPE in the 0.2 to 16.91 mg/ml concentration range.

3.4.3 Effect of L-NAME on the vasodilatory effect
of SAPE

Figure 5 shows the effect of NG-nitro-L-arginine methyl-ester
(L-NAME) on the vasodilatory effects of the SAPE plant extract.

4 Discussion and conclusion

The present study investigated the vasodilatory effects of crude
polyphenolic compounds that were extracted and quantified as
952.00 mg GAE/100 g of S. araliacea root powdered material.
Previous studies have demonstrated an association of stronger
vasodilation with plant extracts of higher polyphenolic
compounds (de Carvalho Emanuella et al., 2019; Jean-Marie
et al., 2010; Mamadou et al., 2009). The value of 952 mg GAE/
100 g derived from the standard gallic acid calibration curve in
Figure 1 turned out to be the optimum yield from among the
different extracting solvents used in the current study. Table 1 shows

TABLE 2 Vasodilatory effects of SAPE and standard drugs (ACh and SNP) on aortic preparations.

Polyphenolic extract/standard drugs Endothelium-intact Endothelium-denuded

E max (%) IC50 (µg/mL) E max (%) IC50 (µg/mL)

S. araliacea (SAPE) 98.90 ± 0.71 5.07 × 103 ± 1.05 97.3 ± 3.34 5.56 × 103 ± 1.08

Acetylcholine (ACh) 96.36 ± 0.31 6.40 × 10−1 ± 1.16 N/A N/A

Sodium nitroprusside (SNP) N/A N/A 91.4 ± 0.14 1.60 × 10−2 ± 1.14

FIGURE 3
Concentration (dose)–response curves of vasodilation induced
by the total polyphenolic extract of S. araliacea on endothelium-intact
aortas with a slightly reduced pharmacological potency of SAPE on
denuded rat aortas because of increased IC50 values. Spearman’s
correlation coefficients of r = 0.996 and 0.994 show a strong
association of an increase in concentration with increasing
vasodilation (vasorelaxation), with p-value < 0.0001. Values are
expressed as mean ± SEM of six experiments (n = 6 rings).
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that 20% of methanol yielded the highest total polyphenol content of
952.00 mg GAE/100 g from the dry root powdered material of S.
araliacea plant, and the least content was obtained in the chloroform
extract, which was estimated as 97.78 mg GAE/100 g. This meant
that chloroform yielded more non-polyphenolic compounds (non-
polar solutes) in the extract, and thus, chloroform was then applied
for partitioning of the methanolic extract to optimize the
polyphenols and get rid of unwanted non-polar compounds.
Therefore, methanol extract was used for subsequent
investigations and characterization of the vasodilatory effects, and
within the scope of this study, we investigated, among several other
possibilities of mechanisms of action, the involvement of NO release
for relaxation effects.

Figures 3, 4a,b have demonstrated that the methanolic extract of
S. araliacea root polyphenols induces endothelium-dependent and
endothelium-independent vasodilation on isolated rat aortas. The
pattern is similar to that of the standard acetylcholine and sodium
nitroprusside, as shown in Figures 2a–c.

The methanolic extract of S. araliacea was a crude sample
comprising a cocktail of different phenolic compounds with
different structures that could bind to diverse receptor sites in
order to induce the vasodilation effect. This suggests a possible
metabolite synergy for receptor activation by various polyphenolic

metabolites present in the crude extract. Some of the metabolites
may potentiate the effects of one to the other, while others may
antagonize the desired effect.

While the concentration–response curves between
endothelium-intact and denuded aortas might not be significantly
different, the mere right-shift of the curve for endothelium-denuded
aortas suggests a possible involvement of the endothelium-derived
relaxing factors (EDRF), such as release of NO. Therefore, in the
scope of this study, we endeavored to assess the possibility of
vasodilation via the NO/cGMP pathway, as illustrated in
Figure 5, showing the effect of the eNOS inhibitor, L-NAME, on
the vasodilation effect of SAPE. The concentration–response curve
in the presence of L-NAME (100 µM) shifted significantly to the
right, showing a reduced pharmacological efficacy and the potency
of SAPE, as evidenced by the increased IC50 values from 5.07 to
6.20 mg/mL. Mann–Whitney t-test p-value of less than 0.05 entails
that the observed vasodilatory effects were partly induced by the
release of NO from endothelial cells as a possible mechanism
of action.

The relationship between the dose of a drug and its effect is a
fundamental principle of pharmacology. In general, the effect of a
drug increases as the dose increases, often in a non-linear fashion,
reaching saturation levels at high concentrations of the drug.
Similarly, drugs have a threshold below which they do not
produce any effect, and a ceiling above which further increases in
the dose do not lead to greater effects (Chung-Chuan et al., 2010).
This dose–effect relationship is crucial for understanding how drugs
work and for determining safe and effective dosages (Yagiela
et al., 2010).

Our study findings agree with the reports of other studies
(Fredi et al., 2019) regarding the polyphenolic composition of
Parastrephia quadrangularis and its antihypertensive effects on
rats, attributing the vasodilatory effects to a cocktail of
polyphenols, in most medicinal plants, acting in synergy to
stimulate generation of NO, which evokes the NO/cGMP
pathway. Our results have also demonstrated and agreed to

FIGURE 4
(a) Trace of reducing isometric tension, signifying vasodilation
(relaxation), because of the cumulative doses on endothelium-intact
thoracic rat aortas with the starting dose of 0.2 mg/mL up to the last
dose of 16.91 mg/mL, which were added cumulatively in the
organ bath. (b) Trace of reducing isometric tension, signifying
vasodilation (relaxation), because of the cumulative doses on
endothelium-denuded thoracic rat aortas with the starting dose of
0.2 mg/mL up to the last dose of 16.91 mg/mL, which were added
cumulatively in the organ bath.

FIGURE 5
Significantly reduced pharmacological efficacy of SAPE in the
presence of NO synthase inhibitor (L-NAME) compared to that in the
absence of L-NAME by the increased IC50 value from 5.07 to 6.20mg/
mL. Mann–Whitney t-test p-value of 0.0125 shows that the
induced vasodilation effects are partly characterized by the release of
nitric oxide from the vascular endothelial cells. Values are expressed as
the mean ± SEM of six experiments (n = 6 aortas).
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the report that polyphenol-rich natural edibles improve the
hemodynamic flow in both physiological and pathological
conditions (Dohadwala et al., 2011; Hampton et al., 2010;
Clifto and n, 2004). However, the findings of this study
conflict against one report (Fredalina et al., 2018) suggesting
that the vasodilation by Canarium odontophyllum leaf extract
does not involve the presence of EDRF because the vasodilatory
effects by the dose–response curves were similar, though our
findings do agree on the aspect of vasodilation being effected via
endothelium-independent pathways. This is further espoused by
similar studies (de Oliveira Lais et al., 2016) demonstrating
significant vasorelaxation of denuded thoracic rat aortas with
gallic acid.

The present study demonstrates that polyphenolic compounds
extracted from S. araliacea induce significant vasorelaxation in
isolated aortic rings, suggesting potential cardiovascular benefits.
The vasorelaxant effects appear to be mediated, at least in part,
through the NO pathway, as evidenced by the attenuation of
relaxation in the presence of L-NAME, a non-selective NO
synthase (NOS) inhibitor. NO is a critical vasodilator produced
by endothelial cells via endothelial eNOS. Our findings indicate that
the vasorelaxant effect of the S. araliacea polyphenol-rich extract
was significantly reduced upon pretreatment with L-NAME,
suggesting that NO plays a key role in the observed relaxation.
This aligns with previous studies showing that many polyphenols,
such as those from flavonoids and phenolic acids, enhance
endothelial NO production, leading to vascular smooth muscle
relaxation (Chen et al., 2024; Herbert, 2017).

The attenuation of vasorelaxation by L-NAME strongly
implicates eNOS in the mechanism of action. Polyphenols are
known to enhance eNOS activity through several mechanisms,
including the phosphorylation of eNOS at Ser1177, activation of
phosphoinositide 3-kinase (PI3)/protein kinase (PI3K/Akt)
signaling, leading to eNOS phosphorylation and increased NO
production, and prolongation of eNOS expression by preventing
its degradation (Gabriele andMonica, 2023; Das et al., 2023; Kumiko
et al., 2020).

While L-NAME significantly reduced vasorelaxation, the
residual effect suggests NO-independent pathways, such as
endothelium-derived hyperpolarizing factor (EDHF). Some
polyphenols activate small- and intermediate-conductance Ca2+

and activated K+ channels, inducing hyperpolarization
independently of NO (Teerapap et al., 2024). In addition,
prostacyclin (PGI2) may contribute, and could be tested using
indomethacin, along with the direct antioxidant effects of
polyphenols by scavenging ROS, preserving NO bioavailability,
and thereby enhancing vasodilation (Yeh Siiang et al., 2015).

The effects of S. araliacea polyphenols resemble those of well-
characterized compounds such as resveratrol, which enhances eNOS
activity by activating SIRT1; epicatechin, which increases NO via
PI3K/Akt and Ca2+ -dependent eNOS activation; and quercetin,
which modulates both NO and EDHF pathways (Jingbo et al., 2015;
Ramirez-Sanchez et al., 2010; Ramirez-Sanchez et al., 2011; Khoo
et al., 2010).

Given the critical role of endothelial dysfunction in hypertension
and atherosclerosis, S. araliacea polyphenols could be promising
agents for improving endothelial function in metabolic disorders
(e.g., diabetes, hypertension, and atherosclerosis).

Future studies are recommended to identify the specific
bioactive polyphenols, test in vivo acute and chronic
administration in hypertensive models, and assess synergism with
currently existing therapies. The limitations of the study include the
use of aortic rings lacking neuro-hormonal influences,
uncharacterized active compounds, and potential species
differences between human and rat vascular responses.

In conclusion, the major finding of the present study is that the
polyphenol crude extract of S. araliacea roots has the potency to
induce both endothelium-dependent and independent vasodilation
in thoracic rat aortas. We can safely report that SAPE has the
properties to act as an antihypertensive agent through vascular
myogenic tone reduction and is able to ameliorate the effects of
endothelial dysfunction.

The vasorelaxant effects of S. araliacea polyphenols are
primarily NO-dependent, mediated via eNOS activation and
downstream cGMP-PKG signaling, as confirmed by L-NAME
inhibition. However, NO-independent mechanisms (e.g., EDHF
and antioxidant effects) may also contribute. These findings
highlight the potential of S. araliacea polyphenolic extract as a
natural vasodilator and warrant further mechanistic and
translational studies.

Our study further reports that one possible avenue by which the
vasodilatory effects are induced is by increasing the bioavailability of
NO via the stimulation of eNO synthase activity on endothelium-
intact aortas. This study further confirms the traditional use of the
crude extract as a means to alleviate high blood pressure in human
subjects; hence, the significance of this research work is the finding
that plant natural products with antihypertensive properties are
available and need extensive research, leading to potentially new
drug leads. The extract was essentially non-toxic as no deaths
were recorded.
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