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Abstract
Erectile dysfunction in men may result as a side effect of the use of serotonin reuptake inhibitors such as paroxetine.
Enzymes like phosphodiesterase 5 (PDE-5) and arginase are promising therapeutic targets for managing erectile dysfunction
while creatinine kinase-myocardial band (CK-MB) serves as a marker for coronary artery disease. To manage these
conditions, it is necessary to seek options in medicinal herbs. Rauwolfia vomitoria (RV) is a plant that has been used as an
aphrodisiac but the inhibitory mechanism against these enzymes remain unclear. The study used in-vivo enzymatic
biomarkers and molecular docking approach to better understand their inhibitory mechanism. Forty-eight adult male Wistar
rats were divided into six groups of eight rats: naive control, paroxetine (PXT, 10 mg/kg), PXT+sildenafil citrate (4 mg/kg),
PXT+ RVE (12.5, 25 and 50 mg/kg). Exposure to PXT lasted for twenty-one days, and treatment with sildenafil citrate and
RVE took place for the next seven days. On day twenty-nine, the rats were sacrificed under anaesthesia and various
biochemical assays (PDE-5, Arginase, nitric oxide (NO) were carried out on penile tissue homogenate while CK-MB, lipid
profile and testosterone were assayed in the serum of rats. This study also employed gas chromatography –flame ionization
detection (GC-FID) to identify the phytoconstituents in RV. From our findings, PXT significantly increased PDE-5,
Arginase activities with a concomitant decrease in NO concentration. Rauwolfia vomitoria extract (RVE) decreased the
activities of the penile PDE 5 and arginase activities, and increased NO concentrations in dose-dependent ways (12.5, 25,
and 50 mg/kg body weight). RVE showed an increase in testosterone and a decrease in CK-MB activities. Moreover, the
result of lipid profile revealed the significant reversal of the changes caused by PXT administration, indicating the potential
of the extract in ameliorating paroxetine-induced dyslipidemia. All of the phytochemicals found by GC-FID docked against
PDE-5 had the lowest binding energies (− 9.4 to −7.0 kcal/mol) when likened to that of sildenafil citrate (− 7.4 kcal/mol).
The phytochemicals were also docked against arginase which released the lowest binding energy between −10.5 and
−9.0 kcal/mol when compared with sildenafil citrate (− 9.4 kcal/mol). This study is relevant in the design of new treatment
option for ED and coronary artery disease.

Keywords Coronary artery disease ● Ethanol extract ● Erectile dysfunction ● in-vivo, Rauwolfia vomitoria ● Molecular
docking

Introduction

Male sexual dysfunction is a condition brought on by a
variety of circumstances, including lifestyle choices, long-
term illnesses, and adverse pharmacological reactions [1]. It
typically presents as pain during sexual activity, atypical
desire, abnormal ejaculation, and erectile dysfunction (ED)
[2]. The inability of the penis to attain and/or sustain ade-
quate erectile hardness to accomplish a fulfilling sexual life
is known as ED [3]. It is anticipated that by 2025, there will

* Hamdalat Folake Muritala
muritala.hf@unilorin.edu.ng

* Habeebat Adekilekun Oyewusi
adekilekun_ho@fedpolyado.edu.ng

1 Department of Biochemistry, University of Ilorin, Ilorin, Nigeria
2 Biochemistry unit, Department of Science Technology, The

Federal Polytechnic, P.M.B 5351 Ado Ekiti, Ekiti State, Nigeria

12
34

56
78

90
()
;,:

12
34
56
78
90
();
,:

http://crossmark.crossref.org/dialog/?doi=10.1007/s12013-025-01713-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12013-025-01713-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12013-025-01713-6&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s12013-025-01713-6&domain=pdf
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/docking-molecular
mailto:muritala.hf@unilorin.edu.ng
mailto:adekilekun_ho@fedpolyado.edu.ng


be 322 million ED sufferers globally, with over 150 million
men already suffering from the disorder [4]. ED is a con-
dition that has several risk factors, such as diabetes, ather-
osclerosis, neurological disorders, and cardiovascular
diseases [5]. The primary mediator of penile erection, nitric
oxide (NO), is produced by the action of nitric oxide syn-
thase (NOS), which is expressed in endothelial and neuronal
cells [6]. Evidence suggests that compromised endothelial
function decreased antioxidant status and nitric oxide (NO)
levels in the cavernosal smooth muscles. It also markedly
decreased levels of other crucial signalling molecules such
as cyclic guanosine monophosphate (cGMP), adenosine,
and acetylcholine (ACh) [7].

Erectile dysfunction and coronary artery disease (CAD)
are two extremely common disorders that can coexist [8].
Diabetes mellitus (DM), high blood pressure, hyperlipide-
mia, obesity, and tobacco use are among the risk factors
they have in common [9]. The incidence of CAD and ED
rises in tandem with the number of cardiovascular risk
factors [10]. Although phosphodiesterase 5 inhibitors
(PDE5) are essential for the overall treatment of ED, PDE5
inhibition is not the only therapeutic option. According to
published research, co-inhibition of phosphodiesterase 5
and other important enzymes (adenosine deaminase, acet-
ylcholinesterase, and arginase) that regulate biomolecules
essential to penile erection may have pharmacological
importance in the treatment of ED [11].

Penile erection is regulated by phosphodiesterase 5
(PDE-5). For smooth muscle relaxation and blood flow to
the penis, it hydrolyzes cyclic guanosine monophosphate
(cGMP). Because they raise cGMP levels, known PDE5
inhibitors like sildenafil citrate are helpful in treating erec-
tile dysfunction (ED) [12]. Another essential component for
penile erection is nitric oxide (NO). The endothelial cells of
the penile corpora cavernosa generate it, and it promotes the
synthesis of cGMP, which relaxes smooth muscles and
increases blood flow [13]. The enzyme arginase degrades L-
arginine, a substrate for the synthesis of NO. Elevated
arginase levels can contribute to ED by reducing NO pro-
duction [14]. Testosterone is the primary anabolic steroid
and sex hormone in men. The development of the prostate,
testes, and other male reproductive organs depends on
human testosterone. Additionally, it encourages the forma-
tion of body hair and secondary sexual characteristics such
as greater muscle and bone mass [15]. Creatinine kinase-
MB (CK-MB) is an enzyme found in the heart tissue, but its
levels can also be elevated in cases of ED. It is thought to be
related to the muscle damage and inflammation associated
with ED [16]. Lipid profile is also an important biomarker
for ED. Excessive levels of triglycerides and low-density
lipoprotein (LDL) cholesterol can lead to ED, whereas high
levels of HDL (high-density lipoprotein) cholesterol may be
beneficial [17]. The atherogenic index, which is the ratio of

HDL to LDL cholesterol, may also indicate the risk of ED
and cardiovascular disease [18].

A type of extremely selective serotonin re-uptake inhi-
bitor (SSRI) is paroxetine (PXT). ED, diminished libido,
and irregular ejaculation have all been linked to long-term
usage of PXT, according to numerous studies [19]. Con-
sequently, PXT is typically utilized as a modeling drug to
create a mouse sexual dysfunction model in order to assess
how well plants can treat sexual dysfunction [20]. However,
sildenafil citrate (Sc), a PDE5 inhibitor that is frequently
used to treat sexual dysfunction, can have a number of
negative effects, including indigestion, headache, nausea,
vomiting, and facial congestion [21]. Therefore, it is vital to
use natural active components that have non-toxic adverse
effects to manufacture safe and effective remedies for pre-
venting and eradicating male sexual dysfunction. Numerous
plant extracts have been found to include active compo-
nents, including triterpenes, alkaloids, steroids, phenolics,
flavonoids, and saponins. These substances can be
employed as PDE5 inhibitors and have a significant positive
impact on enhancing male sexual performance [22].

One of the medicinal plants that has been used for cen-
turies to treat and maintain human health is Rauwolfia
vomitoria Afzel (Apocyanaceae) [23]. This shrub from the
rainforest has straight venation, oval leaves, and clusters of
small blooms that bear red berries. According to Alade and
Attah [24], it grows in forests of tropics in the Pacific, South
America, Asia, and Africa. Common names for the plant
include swizzle stick, serpent wood, and serpent root. In
Nigeria, it is referred to as “utoenyin” in Efik, “asofeyeje” in
Yoruba, “wada” in Hausa, “akanta” in Ibo, and “akata” in
Bini [25]. Roots, root bark, leaves, and stem bark are the
portions that are frequently utilized in herbal medicines
[26]. Numerous investigations into the plant’s chemical
makeup revealed that it contains over 50 active indole
alkaloids, each of which had exceptional pharmacological
capabilities [25]. The pharmaceutical derivatives are mostly
utilized as sedatives and antihypertensive medications. Its
calming qualities are ascribed to its capacity to enhance
oxygen transport to the brain and balance the body’s reac-
tion to stress and anxiety [27]. Traditionally, the tea made
from the roots and leaves of Rauwolfia vomitoria has been
used to cure cholera, lunacy, and hypertension [28].

The root extract of Rauwolfia vomitoria contained alka-
loids, saponins, tannins, and flavonoids, according to pre-
liminary phytochemical investigations. In accordance with
studies, the plant’s flavonoid concentration may be a factor
in its sexually stimulating properties because flavonoids
have been demonstrated to change testosterone levels,
which are crucial for the stimulation of sexual activity [29].
The phytochemistry of Rauwolfia vomitoria root extract
further revealed the presence of saponins. Saponins are
known to increase sexual drive or libido. Hence, plants with
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these secondary metabolites or ingredients enhance sexual
activity when consumed by humans [30]. It has been
reported that alkaloids possess good aphrodisiac potential
by increasing sexual desire or libido in male rats [31].
Libido-boosting substances work by raising the levels of
serum testosterone and a number of anterior pituitary hor-
mones [32].

The mechanism via which R. vomitoria stem bark and its
related plant extracts elicit these changes in reproductive
function has not been elucidated, despite the fact that their
effects on the reproductive organs of men and function are
empirically recognized. Utilizing in silico studies, such as
molecular docking projections of secondary metabolites from
Rauwolfia vomitoria extract, and in vivo enzymatic bio-
markers to determine the best way for inhibitors to bind with
different chemical scaffolds and to clarify their shared phar-
macophore concept as the primary inhibitors for PDE5,
arginase, and creatine kinase-MB, has inspired the current
investigation. Testosterone is the primary anabolic steroid
and sex hormone in men. The development of the prostate,
testes, and other male reproductive organs depends on human
testosterone. Additionally, it encourages the formation of
body hair and secondary sexual characteristics, such as
greater muscle and bone mass [23]. The goal of this research
is to show how the plant extract may be used to treat coronary
artery disease and erectile dysfunction. This study should be a
direction towards finding new drug candidates with good
efficacy and provide more findings on plant-based com-
pounds that could be further detailed in their promising use in
both erectile dysfunction and coronary artery disease therapy.

Materials and Methods

Sample Collection and Preparation

The stem bark of Rauwolfia vomitoria was gathered from
Dongari Iju, a tiny town in Asa Local Government of
Kwara State, Nigeria. The authentication was carried out by
the herbarium unit at the Department of Plant Biology,
Faculty of Life Sciences, University of Ilorin, Nigeria. The
voucher sample was put in the institution’s herbarium and
given reference number UILH/001/0402/2022. After care-
fully cleaning the stem bark under running tap water to
remove any dirt, it was allowed to dry completely at room
temperature. A household blender was then used to grind up
the dried stem bark. For 48 h, 400 ml of distilled water was
added to 100 g of powdered R. vomitoria stem bark in a
beaker, and the mixture was continuously agitated. The
homogenate was filtered through a piece of pure white
cotton. The filtrate was lyophilized, and the residue was
stored in an airtight container at 4 °C. The extract’s yield as
a percentage was 32%. When necessary, a fresh stock was

made from the residue and reconstituted in distilled water to
obtain concentrations of 12.5, 25, and 50 mg/kg body
weight of rats.

Care of Animals and Experimental Design

The animal breeding facility of the Department of Bio-
chemistry, Faculty of Life Sciences, University of Ilorin,
Ilorin, Nigeria, provided forty-eight (48) adult male Wistar
rats weighing 180 ± 20 g. The animals were fed a commer-
cial diet and had unrestricted access to water. When working
with experimental animals, the ethical standards of the US
National Institutes of Health (NIH) and the institution’s
ethical committee were adhered to. The rats in the experi-
ment were housed in stainless steel cages in a room that was
between 25 and 28 °C and had a 12-h light/dark cycle.

In order to cause erectile dysfunction, 40 male rats were
given an oral dose of 10 mg/kg paroxetine suspension for
21 days after they had acclimated for two weeks. To con-
firm erectile dysfunction, tissues were examined for ele-
vated phosphodiesterase 5 levels and nitric oxide depletion.
Every day, the paroxetine suspension was prepared using
saline solution and Tween-80. At random, the rats were
divided into six (6) groups of eight (n= 8). The Naive
Control group of (non-induced) rats received 0.75 ml of
physiological saline solution as a baseline for comparison.
The effects of paroxetine alone were measured by the Par-
oxetine Control Group (PCG), which consisted of induced
rats that were not given any medication. As a positive
control to compare the effects of the extract, the Paroxetine
Standard Group (PSG) was made up of induced rats given
sildenafil citrate. R. vomitoria stem bark ethanol extract was
administered in varying quantities to the remaining three
groups: 12.5 mg/kg, 25 mg/kg, and 50 mg/kg, respectively.
Paroxetine + 12.5 mg/kg Extract Group, Paroxetine +
25 mg/kg Extract Group, and Paroxetine + 50 mg/kg
Extract Group were the names given to these groups. While
Ademosun et al. [33] suggested the dosage of paroxetine,
the dosages of Rauwolfia vomitoria extract were selected in
accordance with previous studies by Akanbi et al. [34] and
Alabi et al. [35]. The experiment lasted for 28 days. On day
29, diethyl ether was used to put the rats to sleep. The heart
and penile tissues were extracted, homogenized using a
Teflon glass homogenizer, and centrifuged for biochemical
testing. The supernatant was stored at −20 °C in order to
prepare it for biochemical analysis.

Biochemical Assays

Phosphodiesterase 5 (PDE 5) activity assay

Muritala and Bewaji [36] slightly modified Butcher and
Sutherland’s [37] method to determine phosphodiesterase 5
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activity when cyclic guanosine monophosphate (cGMP)
was present as the substrate. Using the following formula,
the phosphodiesterase 5 enzyme activity (P) was deter-
mined:

P ¼ VΔC
V3

ðunits=mlÞ

P = enzyme activity, V = total reaction volume, ΔC =
Reaction velocity (Pi/incubation period of 20 min), V3 =
the enzyme source’s volume, Pi = Amount of inorganic
phosphate released.

Arginase activity assay

The experiment’s outcome was reported to be consistent
with the study conducted by Ademosun et al. [33]. In a
nutshell, arginase activity was measured separately in heart
and penile tissues. In order to hydrolyze the substrate, the
mixture of activated arginase and 50 μL L-arginine (0.5M)
was incubated for one hour after the homogenate had been
pre-incubated for ten minutes at room temperature with Tris-
HCl (75 μL, 50 mmol/l, pH 7.5) containing 10 mM MnCl2.
This was completed by adding 400 μL of the acid solution
mixture [H2SO4/H3PO4/H2O at ratio 1:3:7 (v/v/v)]. To
increase the urea concentration, the mixture was heated for
45 min after adding 25 μL of α-isonitrosopropiophenone,
which is 9% in absolute ethanol [33]. At 550 nm, the urea
content was measured using spectrophotometry.

Determination of nitric oxide concentration

The nitric oxide concentration of penile and cardiac tissue
homogenate was measured using a medium that contained
400 milliliters of 2% vanadium chloride (VCl3) in 5% HCl,
200 milliliters of 0.1% N-(l-naphthyl) ethylenediamine
dihydrochloride, and 200 milliliters of 2% sulfanilamide (in
5% HCl). Following an incubation time of 60 min at 37 °C,
the nitrite content, which corresponds to an estimation level
of NO, was measured spectrophotometrically at 540 nm in
accordance with the reduction of nitrate to nitrite by VCl3,
as reported by Ademosun et al. [33].

Determination of serum testosterone concentration

Using the method described in the instruction manual pro-
vided by the manufacturer of the human testosterone enzyme
immunoassay (EIA) kit, the plasma testosterone concentra-
tion in the animals was measured. This was founded on the
idea that human testosterone enzyme immunoassay (EIA)
conjugate and testosterone in the test specimen (plasma)
would bind competitively for a fixed quantity of human anti-
testosterone [38, 39]. A competitive ELISA-based direct
human testosterone enzyme immunoassay (EIA) kit was

used to measure the levels of serum testosterone. Absor-
bance was read at 450 nm, and testosterone concentration
was extrapolated from a calibration curve as described by
Gholib et al. [40].

Serum creatine kinase-MB activity assay

Economically accessible ELISA (enzyme-linked immuno-
sorbent assay) kits were used to measure creatine kinase
(CK-MB) in compliance with the manufacturer’s
instructions.

Determination of serum lipid profile

Total cholesterol determination Sukowati et al. [41] state
that total cholesterol was measured using the colorimetric
enzymatic cholesterol p-aminophenazone cholesterol tech-
nique (CHOD-PAP, DiaSys). After homogenizing a serum
with 0.01 mL and 1 mL of cholesterol solution using a
vortex, it was left to stand at room temperature for 20 min.
The mixture’s absorbance at 500 nm was evaluated in
comparison to the blank, which consisted of 0.01 mL of
pure water and 1 mL of cholesterol reagent. Cholesterol
standards were used in place of the serum.

Triglyceride (TG) determination In order to use GPO-PAP
(DiaSys) to measure triglycerides, 0.01 mL of serum was
mixed with 1 mL of TG reagent, vortexed, and left to stand
at room temperature for 20 min. The reagents comprised
glycerocination, 4-aminoantipyrin, glycerol 3-phosphate-
oxidase, peroxidase, lipoprotein lipase, ATP, Mg2+, pH 7.2
buffers, and 4-chlorophenol. As blanks, 0.01 milliliters of
pure water and one milliliter of triglyceride reagent were
added. The absorbance of the mixture was measured at
500 nm and compared to the blank.

HDL determination The process of determining HDL
began with the precipitation of chylomicron, VLDL, and
LDL cholesterol. 0.02 mL of serum was combined with
0.5 mL of sediment solution. The mixture was then cen-
trifuged for 20 min at 4500 rpm. The 0.01 milliliter super-
natant was mixed with one milliliter of cholesterol reagent.
The CHOD-PAP (DiaSys) method was used to assess HDL
cholesterol after the clear supernatants were separated,
using the identical procedures as for total cholesterol. The
sample’s absorbance at 500 nm was evaluated in relation to
the blanks, which were 1 mL of cholesterol reagent and
0.01 mL of distilled water.

LDL determination The Friedewald formula was used to
determine the levels of LDL cholesterol:

LDL ¼ total cholesterol� HDL� ðTG=5Þ:
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Atherogenic index

The atherogenic index was calculated as the molar ratio of
total cholesterol, triglycerides, or LDL-C to HDL-C, pro-
viding a predictive value for coronary heart disease risk.

Gas Chromatography-Flame Ionization Detection
(GC-FID) Identification and Quantification of
Phytochemical Constituents

For the GC-FID analysis, of the ethanol extract of R.
vomitoria was placed in a test tube. The analysis was per-
formed using a Shimadzu GC-2010 equipped with an
automated sampler and a FID. The separation was carried
out on a Shimadzu capillary column with a split ratio of
25:1, an injection volume of 0.2 µl, a FID temperature of
280 °C, and an input temperature of 250 °C. The tempera-
ture program included a three-minute initial hold at 25 °C, a
40 °C/min ramp to 120 °C, a 50 °C/min ramp to 230 °C, and
a two-minute final hold at 230 °C. The retention lengths of
the phytochemical components were compared with the
NIST05 mass spectral library and standards, and their levels
were calculated as a percentage of the total peak area.

In-Silico Molecular Docking Experiment

3D-Protein target retrieval

The crystal structures of PDE-5 (PDB ID: 2h42), arginase
(PDB ID: 2ef4), and CK-MB (PDB ID: 1i0e) were made
available in .pdb format by the Protein Data Bank
(https://www.rcsb.org/). PDB is a global database of three-
dimensional structures of biological macromolecules [42, 43].
This study used a single chain of target proteins (PDE-5 and
arginase) for molecular docking analysis. The MGLTools
were used to prepare proteins. Following the removal of
water molecules and co-crystallized ligands from the mac-
romolecule target proteins, polar hydrogens were added.

Ligand preparation

The SDF files of the reference drug and twenty-two (22) GC-
FID-identified bioactive ingredients from Rauwolfia vomi-
toria stem bark aqueous extract were downloaded from
PubChem. Before the PDB files were created using
O-BABEL (2.3.1 version), the ligand SDF files were acquired
from PubChem (https://pubchem.ncbi.nlm.nih.gov/).

Molecular docking study

Molecular docking can be used to clarify the relationships
between a protein and ligand. In order to understand the
mechanism of substrate/inhibitor selectivity as it was

discussed in previous research, this technique was utilized
to view the ligand orientation in the α-amylase and α-glu-
cosidase active site pocket [44–46]. AutoDock 1.5.6 and
AutoDock Vina were utilized to convert the PDB data of
proteins and ligands into an improved PDB format known
as PDBQT for molecular docking investigations. The
“TXT” file included all of the data on the target proteins,
ligand, grid size, and geometry, and the “Grid” of Auto-
Dock 1.5.6 was used to establish the grid settings.

Additionally, the grid box size was set to 46 × 44 × 44;
62 × 56 × 42; and 78 × 64 × 42. The grid center was
designated at dimensions (x, y, and z) of 33.71, −23.48,
−1.73; 21.16, 125.01, 16.97, and −1.23, 28.58, 192.07 for
PDE-5 and arginase, respectively. The exhaustiveness
parameter in the Vina software was set to 8 Å by default. A
maximum of ten binding variants were produced, and the
best and worst binding modes had an energy difference of
no more than 3 kcal/mol. To confirm the molecular dock-
ing technique and protocol, a redocking experiment was
performed using the co-crystal reference chemicals (sulfate
and nitrate ions) to duplicate the native binding poses into
the template’s binding pocket. The outcomes of the re-
docking experiment between docked and co-crystallized
reference molecules were superimposed using Pymol.
Then, at the crystal structure, the RMSD value for docked
ligands relative to reference ligands was computed. The
biggest conformation cluster with the lowest binding free
energy (kcal/mol) was chosen after AutoDock Vina was
estimated to yield the best result for each substrate. The
output pdbqt files were stored in a config. (configuration)
file. The conformation with the lowest binding energy was
considered to be the most stable for the targeted proteins.
The data were examined using the free edition of the
Biovia Discovery Studio 2020 client (Dassault Systèmes
BIOVIA, Discovery Studio Modeling Environment,
Release 2017, San Diego: Dassault Systèmes, 2016).

Statistical Analysis

The data were expressed using the mean ± SEM. To find
significant differences between treatment groups, the sta-
tistical analysis included Tukey’s test and one-way
ANOVA; p < 0.05 was deemed significant. All analyses
were performed using GraphPad Prism 7.

Results

Effect of Rauwolfia vomitoria Extract on Penile
Tissue phosphodiesterase 5 (PDE5) Activity

It was examined how Rauwolfia vomitoria extract affected
the phosphodiesterase 5 (PDE5) activity in penile tissue
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(Fig. 1). The study found no significant difference in PDE5
activity between the sildenafil citrate-treated group and the
test groups (12.5, 25, and 50 mg/kg body weight). However,
there was a significant drop (p < 0.05) when the test groups
were compared to the control and paroxetine-treated groups.

Effect of Rauwolfia vomitoria Ethanol Extract on
Nitric Oxide (NO) Concentration in Penile Tissue

Figure 2 shows how Rauwolfia vomitoria extract affects the
amount of nitric oxide (NO) in penile tissue. There is no
discernible difference in NO levels between the groups that
received 25 mg and 50 mg/kg body weight of the extract
and the group that received sildenafil citrate. However,
when these groups were contrasted with the group that
received 12.5 mg/kg body weight of the extract, a sub-
stantial rise (p < 0.05) in NO concentration was noted.

Furthermore, NO concentrations in all test groups were
significantly increased (p < 0.05) when compared with the
control group and the paroxetine-treated group.

Effect of Rauwolfia vomitoria Ethanol Extract on
Arginase Activity in Penile Tissue

The current investigation assessed the impact of Rauwolfia
vomitoria extract on penile tissue’s arginase activity
(Fig. 3). In comparison to the sildenafil citrate group, the
analysis showed a substantial (p < 0.05) decrease in arginase
activity in the groups of rats who received 12.5 and 25 mg/
kg body weight of the extract. However, there was no
discernible change in the group that got 50 mg/kg body
weight. In addition, the arginase activity of all test groups
was significantly lower (p < 0.05) than that of the control
and paroxetine-treated groups.

Fig. 1 Effect of Rauwolfia
vomitoria ethanol extract on
penile tissue phosphodiesterase
5 activity in paroxetine-treated
rats. Bars represent
mean ± standard error of the
mean (n= 4)

Fig. 2 Effect of Rauwolfia
vomitoria extract on
Concentration of Nitric Oxide
(Penile Organ) in paroxetine-
treated rats. Bars represent
mean ± standard error of the
mean (n= 4)

Fig. 3 Effect of Rauwolfia
vomitoria extract on arginase
activity (penile organ) in
paroxetine-treated rats. Bars
represent mean ± standard error
of the mean (n= 4)
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Effect of Rauwolfia vomitoria extract on plasma
testosterone concentration

Test subjects’ serum testosterone levels were examined
in relation to Rauwolfia vomitoria extract (Fig. 4). The
findings showed that the group of rats that got 12.5 mg/
kg body weight of the extract and the group that
received sildenafil citrate did not significantly differ in
their testosterone concentrations. However, when com-
pared with the control group and paroxetine-treated
group, the testosterone concentrations of the rats that
received 25 and 50 mg/kg body weight increased sig-
nificantly (p < 0.05).

Effect of Rauwolfia vomitoria Ethanol Extract on
Creatine Kinase-MB Activity of Rats

The present study investigated the effect of Rauwolfia
vomitoria extract on plasma CK-MB activity in test sub-
jects (Fig. 5). CK-MB (creatine kinase-MB) is an impor-
tant enzyme that serves as a biomarker for cardiac tissue
damage, commonly used to diagnose myocardial infarc-
tion (Heart Attack) and other heart-related conditions. In
contrast to sildenafil citrate and control groups, the results
showed no discernible change in plasma CK-MB activity
between the groups treated with Rauwolfia vomitoria
extract at doses of 12.5, 25, and 50 mg/kg body weight.
All treatment groups, however, showed a substantial

decrease (p < 0.05) when compared to the paroxetine-
treated group.

Effect of Rauwolfia vomitoria Stem Bark Ethanol
Extract on Lipid Profile of Rats

The results of an investigation into the effects of an ethanol
extract of the stem bark of Rauwolfia vomitoria on the lipid
profile of male Wistar rats treated with paroxetine are dis-
played in Table 1. It is well recognized that the selective
serotonin reuptake inhibitor (SSRI) paroxetine negatively
impacts lipid metabolism, raising levels of triglycerides,
total cholesterol, and low-density lipoprotein (LDL) while
lowering levels of high-density lipoprotein (HDL). These
alterations contribute to an increased atherogenic index,
which is a marker of cardiovascular risk. The study found
that treatment with Rauwolfia vomitoria extract at doses of
12.5, 25, and 50 mg/kg body weight significantly reversed
these changes, indicating the potential of this extract in
ameliorating paroxetine-induced dyslipidemia.

GC-FID Analysis of the Ethanol Extract of Rauwolfia
vomitoria

The GC-FID analysis of the ethanolic extract of Rauwvolfia
vomitoria stem bark as shown in Fig. 6 and Table 2 revealed a
complex mixture of bioactive alkaloids, including reserpine,
reserpiline, tetraphylicine, nortetraphylicine, calycanthine,

Fig. 4 Effect of Rauwolfia
vomitoria extract on serum
testosterone concentration in
paroxetine-treated rats. Bars
represent mean ± standard error
of the mean (n= 4)

Fig. 5 Effect of Rauwolfia
vomitoria extract on serum CK-
MB activity in paroxetine-
treated rats. Bars represent
mean ± standard error of the
mean (n= 4)
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aricine, raubasine, raucaffricine, rauwolfinine, rauhimbine,
vomilenine, yohimbine, yohimbinine, ajmaline, norajmaline,
ajmalicine, ajmalidine, deserpidine, papaverine, canescine,
recanescine, and rescinnamine. These compounds are well-
known for their pharmacological properties, which include
antihypertensive, sedative, and vasodilatory effects.

Molecular Docking Analysis

The researchers were able to examine the connections
between the receptor protein residues and ligands thanks to
computational chemistry. The docking technique has many
tools that aid in drug discovery and make it easier to
comprehend how a ligand molecule interacts with a hypo-
thesized rigid active site [47]. Molecular docking studies
were performed for PDE5, arginase and CK-MB enzymes.
Using AutoDock Vina and AutoDock Tools, binding

affinities and interactions of compounds (identified by GC-
FID) with the active sites of tested enzymes were approxi-
mated using a blind docking approach [48]. The ligands
(bioactive compounds) were literally able to cooperate
freely with all of the protein’s binding sites (enzymes such
as PDE5, arginase, and CK-MB) thanks to this blind
docking technique, providing pertinent information on
likely ligand-protein binding interactions that may be
competitive, non-competitive, or mixed inhibition [47].

Molecular docking against PDE5 enzyme

The ethanol extract of Rauwolfia vomitoria stem bark
included twenty-two chemicals that were identified and
docked to the PDE5 enzyme (Table 3). The binding ener-
gies of fifteen docked compounds with PDE-5 were lower
than those of sildenafil citrate (−7.4 kcal/mol), ranging from

Table 1 Effect of Rauwolfia vomitoria stem bark ethanol extract on serum lipid profile in paroxetine treated male Wistar rats

Serum Lipid Profile (mg/dl)

Groups Total Cholesterol TAG HDL LDL Atherogenic index

Control (Normal Saline) 24.57 ± 1.333a 20.28 ± 1.862a 14.18 ± 0.028a 8.572 ± 0.347a 0.092 ± 0.34a

PXT Untreated 47.24 ± 1.023b 28.48 ± 0.239b 9.874 ± 0.134b 33.10 ± 0.147b 3.147 ± 0.26b

PXT + Sildenafil Citrate (Standard) 27.32 ± 0.863c 21.39 ± 1.262a 14.46 ± 0.079a 8.459 ± 0.165a 0.091 ± 0.28a

PXT+ 12.5 mg/kg bw of RVEE 24.79 ± 0.458a,d 21.31 ± 1.140a 14.01 ± 0.258a 6.794 ± 0.128 c,d .094 ± 0.76a

PXT+ 25 mg/kg bw of RVEE 21.49 ± 0.659e 19.59 ± 0.113a 14.32 ± 0.426a 6.038 ± 0.195 d 0.090 ± 0.57a

PXT+ 50 mg/kg bw of RVEE 19.23 ± 0.422c,f 18.83 ± 0.102a 14.67 ± 0.085a 5.395 ± 0.259ed 0.869 ± 0.37a

Values are mean of six determinations ± SEM; values along a column with different superscripts ‘a–f’ are significantly different from each other.

Key: PXT Paroxetine, RVEE Rauwolfia vomitoria ethanol extract, TAG Triglyceride, HDL High density lipoprotein, LDL Low density lipoprotein

Fig. 6 Chromatogram showing the phytochemical constituents of stem bark extract of R. vomitoria
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−7.5 to −9.4 kcal/mol, while four compounds (Ajmaline,
Rescinnamine, Reserpiline and Reserpine predict the lower
binding affinity (7.0 – 7.2 kcal/mol) and three compounds
(Canescine, Rauhimbine and Yohimbine) showed the same
binding energies as sildenafil citrate (Table 3). With binding
energies (ΔG) of −9.3 and −9.4 kcal/mol, respectively, for
Raucaffricine and Ajmalidine, Table 5 shows that PDE-5
had substantial binding attractions for both compounds. In
contrast to its binding affinity for sildenafil citrate
(ΔG=−7.4 kcal/mol), a common medication for erectile
dysfunction and a PDE5 inhibitor, the binding energies of
AlloYohimbine, Aricine, Corynanthine, Rauwolscine, and
Tetraphyllicine were −8.4, −8.3, and −8.1 kcal/mol,
respectively, while those of Tetraphyllicine, Vomilenine,
Recanescine, Raubasine, Ajmalicine and Deserpidine,
Norajmaline, and Papaverine were −7.6 and −7.5 kcal/mol,
respectively (Table 3). This suggests that there is a good
chance that the drugs and the PDE-5 enzyme will interact
molecularly.

Molecular docking against arginase enzyme

With each of the twenty-two chemicals that were discovered
from the extract, molecular docking of the arginase was also
carried out. The results were computed as binding energies

in kcal/mol (Table 4). Arginase activity was found to
diminish in experimental studies, including ethanolic
extracts of our plant. Fourteen compounds with a stronger
negative binding energy value (−9.7 to −10.5 kcal/mol)
than sildenafil citrate (−9.4 kcal/mol) for arginase inhibition
were found when we docked the key compounds discovered
via GC-FID. The binding energies were shown in Table 4.
The docking of ligands Aricine and Norajmaline, Reser-
pine, Vomilenine and Papaverine resulted in higher binding
energy of −9.3, −9.1, 9.0 and 8.4 kcal/mol, respectively,
when compared with Sildenafil citrate (−9.4 kcal/mol) as
shown in Table 4. When Ajmalidine, Deserpidine, and
Recanescine were docked with arginase, we saw the same
pattern as when arginase was docked with the reference
drug, Sildenafil citrate (− 9.4 kcal/mol). As a result, many
of the docked ligands identified from our plant’s ethanolic
extracts had lower binding energies than the reference drug,
which demonstrated stronger aphrodisiac activity and a
higher affinity of docked ligands with arginase active sites.

Understanding the mechanism of mild to moderate
inhibition of this enzyme and the constituents of the etha-
nolic extract of Rauwolfia vomitoria was made easier by the
outcomes of molecular docking responsibility. Figure 7
displayed the ligand-arginase binding interactions that were
determined by GC-FID. Notably, sildenafil citrate con-
nected with these important amino acid residues in the
catalytic site by van der Waals, hydrophobic-Pi interactions,
and conventional hydrogen bonds (Val256, Tyr41, Gly87)
(Fig. 7a). Whereas majority of identified complexes
(Ajmalicine, Ajmalidine, Ajmaline, AlloYohimbine, Ari-
cine, Corynanthine, Deserpidine, Norajmaline, Norte-
traphyllicine, Deserpidine, Raubasine, Rauwolscine,
Rescinnamine, Reserpine, Tetraphyllicine and Yohimbine)
interacted with arginase with either 1 or 2 hydrogen bonds
which were either the same or different from identified
catalytic amino acids in arginase-sildenafil citrate complex
and other bonds as shown in Fig. 7b–f, h–k, m, p, r, t, u &
w. Similar interactions were also observed for the reference
drug (Sildenafil citrate) and Canescine, Papaverine, Rau-
himbine Recanescine, Reserpiline, Vomilenine with three
hydrogen bonds (Fig. 7g, l, o, q, s & v) while Raucaffricine
showed 4 conventional hydrogen bonds. Interestingly,
however, few compounds interacted with one or two same
key amino acid residues as standard drug (Sildenafil citrate)
which are involved in catalysis at the active site of arginase
(Fig. 7b, e–h, k, o & p).

Molecular docking against creatine kinase-myocardial band
(CK-MB) enzyme

Table 5 displays the findings of docking studies as well as
the docked conformations of the top-scoring ligands in the
CK-MB catalytic region. According to these docking data,

Table 2 Phytochemicals present in R. vomitoria showing retention
time, area and height

Component Retention Area Height

Reserpine 2.633 2293.5550 118.417

Reserpiline 3.533 277.2220 16.670

Tetraphyllicine 4.200 287.8490 14.708

Nortetraphyllicine 4.683 547.1290 27.187

Corynanthine 5.133 284.6140 23.138

Aricine 5.383 664.1310 55.131

Raubasine 6.050 1271.9800 52.890

Raucaffricine 6.583 1887.3300 87.856

Rauwolscine 7.050 868.6465 78.783

Rauhimbine 7.300 1558.4450 147.715

Vomilenine 7.566 492.3070 50.524

Yohimbine 7.766 1495.6240 67.539

Allo-Yohimbine 8.416 2144.6540 56.632

Ajmaline 9.133 1790.6800 150.380

Norajmaline 9.416 562.7535 42.464

Ajmalicine 9.733 953.3425 50.097

Ajmalidine 10.133 1105.8890 44.952

Deserpidine 10.850 1854.5650 115.011

Papaverine 11.100 583.6545 50.173

Canescine 11.383 573.8820 27.712

Recanescine 12.050 1112.7785 43.368

Rescinnamine 12.450 1380.9200 81.136
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the majority of the compounds that were found had strong
binding affinities for the CK-MB structure (−6.6 kcal/mol
to −8.7 kcal/mol), and their energy ranges were similar to
those of the reference compound, sildenafil citrate
(− 7.7 kcal/mol) (5). In contrast, the reference drug showed
a high binding affinity for Ajmaline (7.1 kcal/mol), Aricine
(7.4 kcal/mol), Corynanthine (7.3 kcal/mol), Norajmaline
(7.4 kcal/mol), Papaverine (6.6 kcal/mol), Rauhimbine
(7.4 kcal/mol), and Rauwolscine (7.6 kcal/mol) (Table 5).

Using the free edition of Biova Discovery Studio
Visualizer 2020, the detailed interaction of the best con-
formation of the docking data was visualized and analyzed.
This showed the bioactive compounds’ optimal docking
positions (Fig. 8), their binding sites on CK-MB, the amino
acid residues that were engaged in their interaction, and the
different bonds that were involved (such as carbon-
hydrogen bonds, conventional hydrogen bonds, pi-sigma,
pi-pi, and pi-alkyl, among others). We also found that all of
these bioactive substances were attached to the enzyme
close to the catalytic site domain where sildenafil citrate
binds, based on binding pose/binding site occupied (Fig. 8).
This implies once more that these substances may con-
tribute to the overall CK-MB inhibitory effect of the Rau-
wolfia vomitoria ethanol extract through a competitive
method of inhibition similar to that of sildenafil
citrate (Fig. 8a–k, m–t, v & w). On the contrary,
although compounds Nortetraphyllicine and Tetraphyllicine
(ΔG = –7.9 kcal/mol, –8.2 kcal/mol, respectively) are more
towards the enzyme (CK-MB) than the reference drug
(Sildenafil citrate, ΔG = −7.7 kcal/mol) (Table 5), the
reference medication, sildenafil citrate, is not in competition
with these bioactive chemicals for the enzyme’s active site
because the latter was bound to the protein with a different
binding residual interaction than hydrogen formation (Fig.
8l & u). This suggests that it has the potential to use a non-
competitive form of inhibition to assist in the overall CK-
MB inhibitory action of the Rauwolfia vomitoria ethanol
extract. It should be emphasized that these drugs bind to
these enzymes at their non-catalytic site as well, which is a
distinct binding pose and site from the reference medica-
tion, sildenafil citrate (Fig. 8). Fascinatingly, the ethanol
extract of Rauwolfia vomitoria examined in this work
contained all of these bioactive chemicals that interacted
with CK-MB mostly by a combination of van der Waals
forces, conventional hydrogen bonds, pi-sigma, pi-alkyl, pi-
cation, pi-anion, and pi-pi interactions (Table 5 & Fig. 8).

Discussion

Numerous studies have demonstrated the link between
sexual dysfunction and certain selective serotonin reuptake
inhibitors (SSRIs) such as paroxetine [49, 50]. An alterationTa
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Fig. 7 Model of the Interaction and the 2D Structure of PDE-5 Protein
showing catalytic amino acids in PDE-5 with a Sildenafil citrate
b Ajmalicine c Ajmalidine d Ajmaline e AlloYohimbine f Aricine
g Canescine h Corynanthine, i Deserpidine j Norajmaline

k Nortetraphyllicine l Papaverine m Raubasine n Raucaffricine,
o Rauhimbine p Rauwolscine q Recanescine r Rescinnamine
s Reserpiline t Reserpine u Tetraphyllicine v Vomilenine
w Yohimbine
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in sexual behavior, erectile dysfunction, and endothelial cell
oxidative impairment are some of the pathophysiological
signs of male sexual dysfunction [51]. Since there are
several causes of ED, treatment may involve a variety of
approaches and call for several regimens. Additionally,
flushing, visual impairment, and dyspepsia are common
adverse effects of the majority of conventional medications
used to treat ED. However, the majority of these adverse
effects can be avoided by treating ED using natural herbs
that have aphrodisiac properties.

These results imply that, like sildenafil citrate, Rauwolfia
vomitoria extract can successfully lower PDE-5 activity in
penile tissue. Comparing the test groups to the control and
paroxetine-treated groups revealed a substantial decrease in
PDE-5 activity. This illustrates the potential use of Rau-
wolfia vomitoria extract as a natural remedy for erectile
dysfunction (ED). By blocking the breakdown of cyclic
guanosine monophosphate (cGMP), which promotes
smooth muscle relaxation and enhanced blood flow in the
corpus cavernosum, PDE5 inhibitors, such sildenafil citrate,
are well known for their use in the treatment of erectile
dysfunction (ED) [11]. Rauwolfia vomitoria extract may
improve erectile performance by increasing the accumula-
tion of cGMP levels, as evidenced by its capacity to simi-
larly reduce PDE5 activity. The results of this investigation
are consistent with a number of earlier studies that looked at
the effects of natural extracts on PDE5 activity. In their
review of natural aphrodisiacs, Rahman et al. [52] empha-
sized the potential of plant-based compounds to inhibit
PDE5, providing new treatment options for erectile dys-
function. The idea that natural extracts can be useful in
regulating the activity of this enzyme is supported by the
notable decrease in PDE5 activity seen with Rauwolfia
vomitoria extract in the current study. This is in line with
the findings of Oboh et al. [53], who discovered that R.
vomitoria inhibited PDE5 in a dose-dependent manner.

In a related study, Akuamoa et al. [54] demonstrated that
ginseng extract could inhibit PDE5 activity and improve
erectile function in animal models. The present study’s
findings that Rauwolfia vomitoria extract can decrease
PDE5 activity are consistent with these results, suggesting
that various natural extracts may share similar mechanisms
of action in enhancing erectile function. Moreover, studies
on Epimedium extract (Horny Goat Weed) have shown its
potential to inhibit PDE5 and enhance erectile responses in
animal models [55]. The mechanisms by which Rauwolfia
vomitoria extract reduces PDE5 activity are not entirely
understood, but several hypotheses can be proposed. One
possibility is that the extract contains bioactive compounds
that directly inhibit PDE-5 activity. Research supports this
theory by showing that various phytochemicals, such as
flavonoids and alkaloids, can inhibit PDE-5 [56]. Another
potential mechanism is the modulation of signallingTa
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Fig. 8 Prototypical of the Interaction and the 2D Structure of PDE-5
protein showing catalytic amino acids in PDE-5 with a Sildenafil
citrate b Ajmalicine c Ajmalidine d Ajmaline e AlloYohimbine
f Aricine g Canescine h Corynanthine, i Deserpidine j Norajmaline

k Nortetraphyllicine l Papaverine m Raubasine n Raucaffricine,
o Rauhimbine p Rauwolscine q Recanescine r Rescinnamine
s Reserpiline t Reserpine u Tetraphyllicine v Vomilenine
w Yohimbine
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pathways involved in cGMP production and degradation. A
study conducted by Pușcașu et al. [12] emphasized the
importance of the NO-cGMP pathway in erectile function.
Rauwolfia vomitoria extract may enhance NO production or
inhibit cGMP degradation, thereby reducing PDE5 activity
and promoting smooth muscle relaxation and vasodilation
in penile tissue.

The observed increase in NO concentration in penile
tissue following administration of Rauwolfia vomitoria
extract is significant because in both vasodilation and
erectile function, NO is essential. NO plays a vital role in
the relaxation of the corpus cavernosum’s smooth muscle,
which promotes erection and improved blood flow [57].
The significant increase in NO concentration at higher doses
of the extract suggests that Rauwolfia vomitoria may
potentiate erectile function through enhanced NO produc-
tion, comparable to the effects of the popular phospho-
diesterase type 5 (PDE5) inhibitor sildenafil citrate. The
enzyme endothelial NO synthase (eNOS), which produces
NO in endothelial cells, is activated by Rauwolfia vomitoria
extract [58]. This is consistent with Hsuan et al. [59] study,
which showed that Glossogyne tenuifolia extract sig-
nificantly increased NO production and improved erectile
function in animal models.

Rauwolfia vomitoria extract’s capacity to regulate
enzyme activity involved in NO production is demonstrated
by the notable reduction in arginase activity seen in the
groups that got 12.5 and 25 mg/kg body weight of the
extract. Arginase and Nitric Oxide Synthase (NOS) com-
pete for L-arginine, a common substrate, thereby regulating
NO availability [60]. By inhibiting arginase activity, Rau-
wolfia vomitoria extract may increase L-arginine avail-
ability for NO synthesis, thereby improving endothelial
function and erectile response. The results of this study are
reliable with earlier investigations on the modulation of
arginase activity by natural extracts. According to Shin et al.
[61] study demonstrated that Korean red ginseng extracts
significantly inhibited arginase activity, resulting in
increased NO production and improved erectile function in
rats. Li et al. [62] study found that arginase inhibition led to
enhanced NO production and improved vascular function in
erectile tissue. The significant decrease in arginase activity
observed with Rauwolfia vomitoria extract supports the
hypothesis that arginase inhibition can be a therapeutic
strategy for improving erectile function. Rauwolfia vomi-
toria extract may contain polyphenolic compounds, which
have been shown to inhibit arginase activity in various
tissues [63]. These compounds may interact with the active
site of arginase or modulate its expression, thereby reducing
its activity.

Testosterone plays a crucial role in male reproductive
health, influencing libido, muscle mass, bone density, and
overall well-being [64]. The observed rise in plasma

testosterone levels in the groups administered 25 and 50 mg/
kg body weight of Rauwolfia vomitoria extract raises the
possibility that the extract possesses androgenic qualities,
enhancing testosterone production and/or release. This
could be particularly beneficial for individuals with testos-
terone deficiency or related conditions, improving their
quality of life and physical health. These findings align with
previous research, which highlighted the testosterone-
boosting effects of various herbal extracts. Koloko et al.
[31] showed that extracts from Rauwolfia vomitoria roots
markedly raised testosterone levels in male rats.

Similarly, the present study indicates that Rauwolfia
vomitoria extract may have comparable effects, supporting
the potential use of herbal extracts in managing testosterone
deficiency [65]. Furthermore, a study by Qureshi et al. [66]
showed that extracts from Tribulus terrestris significantly
increased testosterone levels in male rats, corroborating the
present findings that certain herbal extracts can effectively
enhance plasma testosterone concentration. These studies,
combined with the current research, underscore the ther-
apeutic potential of herbal extracts in boosting testosterone
levels. One potential mechanism is the stimulation of the
hypothalamic-pituitary-gonadal (HPG) axis, leading to
increased secretion of luteinizing hormone (LH) and sub-
sequent stimulation of testosterone production by the testes
[67]. Additionally, bioactive compounds in Rauwolfia
vomitoria, such as alkaloids, may directly stimulate Leydig
cells in the testes to produce more testosterone [68].

The absence of significant differences in plasma CK-MB
activity between the Rauwolfia vomitoria treated groups and
the sildenafil citrate and control groups suggest that the
extract does not induce additional cardiac stress or damage.
In contrast, the significant decrease in CK-MB activity
compared to the paroxetine-treated group indicates a
potential cardioprotective effect. Paroxetine, an SSRI, has
been associated with various cardiovascular side effects,
including an increase in cardiac enzyme levels, indicating
stress or damage to cardiac tissues [69].

The findings of the present study imply that Rauwolfia
vomitoria extract could counteract these adverse effects,
offering a protective mechanism against SSRI-induced
cardiac stress. A study by Lobay [70] demonstrated that
Rauwolfia vomitoria extract exhibited significant anti-
hypertensive and antiarrhythmic effects in experimental
animal models, suggesting its potential in protecting cardiac
tissue from damage. Furthermore, a study by Xue et al. [71]
stated that ginger extract significantly reduced CK-MB
levels in rats with induced myocardial infarction, corro-
borating the cardioprotective effects observed in the present
study. These studies, combined with the current research,
underscore the therapeutic potential of herbal extracts in
managing cardiac health and preventing tissue damage. The
extract’s antioxidant qualities, which might lessen oxidative
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stress and stop heart cell damage, are one possible method
[72]. Antioxidants are crucial for counteracting reactive
oxygen species (ROS) and conserving cellular integrity, and
oxidative stress is a known cause of heart injury [73]. By
reducing oxidative stress, Rauwolfia vomitoria extract may
help preserve cardiac tissue and reduce the release of CK-
MB. Additionally, the extract’s anti-inflammatory proper-
ties may contribute to its cardioprotective effects. Inflam-
mation is a key factor in cardiac tissue damage and the
progression of cardiovascular diseases [74]. By inhibiting
inflammatory pathways, Rauwolfia vomitoria extract may
reduce cardiac inflammation and subsequent enzyme
release, offering further protection to the heart.

The significance of these findings lies in the ability of
Rauwolfia vomitoria extract to modulate lipid profiles
adversely affected by paroxetine. Dyslipidemia is a critical
risk factor for cardiovascular diseases [75], considering the
extract’s capacity to lower triglyceride, low-density lipo-
protein cholesterol (LDLc) and total cholesterol levels while
increasing high-density lipoprotein (HDL) levels suggests
its therapeutic potential for managing SSRI-induced lipid
disorders [76]. The dose-dependent effects observed, with
the 50 mg/kg body weight group showing the most pro-
nounced improvements, highlight the extract’s efficacy and
the importance of dosage in achieving optimal therapeutic
outcomes.

The cardioprotective effects of Rauwolfia vomitoria
observed in this study aligned with previous research
highlighting the lipid-lowering properties of various natural
extracts. Faponle et al. [77] demonstrated that Rauwolfia
vomitoria extract exhibited significant antihypertensive and
lipid-lowering effects in experimental animal models, sup-
porting its use in managing cardiovascular risk factors. In a
similar vein, Khosravani et al. [78] found that ginger extract
dramatically raised HDL levels in rats while lowering total
cholesterol and LDL levels, corroborating the lipid-
modulating effects observed with Rauwolfia vomitoria.
The present study’s findings are consistent with these
results, indicating that natural extracts can effectively
manage dyslipidemia. The lipid-modulating effects of
Rauwolfia vomitoria extract may be attributed to several
mechanisms. One possible route is the suppression of 3-
hydroxyl-3-methylglutaryl-CoA (HMG-CoA) reductase,
which is crucial for the production of cholesterol. Inhibition
of this enzyme can lead to reduced cholesterol production
[79], which may explain the significant decrease in total
cholesterol and LDL levels observed in the study. Addi-
tionally, the extract’s antioxidant properties could reduce
oxidative stress, a known contributor to lipid peroxidation
and dyslipidemia [80]. Furthermore, the anti-inflammatory
properties of Rauwolfia vomitoria may play a role in
modulating lipid profiles [81]. Chronic inflammation is
associated with alterations in lipid metabolism, and by

reducing inflammation, the extract could help restore nor-
mal lipid levels. These combined effects underscore the
multifaceted nature of the extract’s action on lipid
metabolism.

Reserpine, Reserpiline Tetraphyllicine, Tetraphyllicine,
Coryanthine (Rauhimbine), Aricine, Ajmaline and Rauba-
sine are a class of phytomedicinal compounds called alka-
loids [82]. A minimum of one nitrogen atom is present in
this group of basic, organic compounds that occur naturally.
Alkaloids are utilized in the production of medications
because they have a significant metabolic impact on living
things, altering their physiology and providing protection
for animals. The Discovery Studio 2020 software was used
to visualize the docking results, revealing the compounds’
ideal docking positions (Table 3), the PDE5 binding sites
with amino acid deposits involved in their cooperation with
PDE5, and the various bonds (Fig. 9) involved (Pi-Pi, Pi-
alkyl, Pi-sigma, carbon-hydrogen bond, conventional
hydrogen bond, etc.). The affinity for binding between
ligands and proteins in complexes was evaluated using the
H-bonds, binding energy, residual interactions, such as the
Van der Waals interaction, electrostatic contacts, and
hydrophobic interactions (Table 3). Figure 9 shows com-
pounds that were present binding with one or more of the
catalytic amino acid residues of PDEs, which are Ala, Asn,
Gln, His, Ile, Leu, Lys, Phe, and Tyr [47]. Prior research
indicated that Arg667, Asn662, Gln817, Leu804, Ser663,
and Phe786 would be the catalytic amino acid residues of
PDE-5 [47]. Overall, the compounds suppressed PDE-5 by
a mechanism of action comparable to that of sildenafil
citrate, despite the fact that each of them connected with one
or more main catalytic site amino acid deposits using a
conventional hydrogen bond, van der Waals forces, or Pi-
Alkyl interactions [47]. It is important to remember that
most of the substances interacted with different PDE-5
amino acids, unlike Sildenafil Citrate (Fig. 9). Meanwhile, a
small number of compounds (Papaverine, Raubasine,
AlloYohimbine, and Aricine) present in the extract may
compete with the substrate for the enzyme’s active spot in a
style similar to how sildenafil citrate acts (Fig. 9a, e, f, l, &
m). This suggests that the chemicals’ attempt to inhibit
PDE-5 generally through extract may use both competitive
and non-competitive inhibition methods. This finding sup-
ports earlier studies that Heinrich et al. [83], reported. The
results of the in-silico molecular interactions between PDE-
5 (PDB ID: 2h42) and the compounds found (Fig. 1) are
therefore generally consistent with the results of our in-vivo
PDE-5 inhibition experiment, in which the extract sig-
nificantly decreased the activity of PDE-5 extract conveying
a relatively better PDE-5 inhibitory outcome as compared to
sildenafil citrate both in penile and cardiac tissues.

This suggests that these bioactive substances may com-
petitively inhibit arginase by a mechanism akin to that of
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Fig. 9 Model of the Interaction and the 2D Structure of PDE-5 protein
showing catalytic amino acids in PDE-5 with a Sildenafil citrate
b Ajmalicine c Ajmalidine d Ajmaline e AlloYohimbine f Aricine
g Canescine h Corynanthine, i Deserpidine j Norajmaline

k Nortetraphyllicine l Papaverine m Raubasine n Raucaffricine,
o Rauhimbine p Rauwolscine q Recanescine r Rescinnamine
s Reserpiline t Reserpine u Tetraphyllicine v Vomilenine
w Yohimbine
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sildenafil citrate. On the other hand, it was observed that
some identified phytochemicals did not interact with argi-
nase via conventional hydrogen bond using identified cat-
alytic amino acids (Val256, Tyr41, Gly87) with Sildenafil
citrate (Table 4), however, they interact with predicted
catalytic amino acids thru other types of bonds like van der
Waals and other hydrophobic-Pi interactions as shown in
Fig. 7c, d, i, j, l, m, n, q, r–w. These substances are typically
connected with one or two of the vital amino acid residues
of the enzyme’s catalytic site by weak van der Waals forces,
traditional hydrogen bonds, pi-sigma, pi-alkyl, pi-cation, pi-
anion, or Pi-Pi interactions. Resilient hydrogen bonding
between proteins and ligands is suggested by the bioactive
chemicals in the target proteins (arginase) being smaller
than 3.5 Å. Our in vivo and in silico results corroborated
with other reported analysis. According to Omojokun et al.
[84] reported that alkaloids inhibit erectile dysfunction
markers (Arginase and PDE5) with considerable antioxidant
activity in a concentration-dependent manner. Also, alka-
loids work as dopamine agonists because they look similar
[85]. By binding to receptors in the paraventricular nucleus
of the hypothalamus, alkaloids improve the central pro-
erectile mechanism and transmit signals to the spinal cord’s
erection-generating area [84]. By increasing the activity of
nitric oxide synthase, releasing nitric oxide, widening blood
vessels, and relaxing the corpus carvenosum smooth mus-
cles of the penis, all of these phytoconstituents present in
the ethanol extract of R. vomitoria stem bark contributes to
improved penile erection [30].

Creatine kinase-MB (CK-MB) is a significant enzyme
that serves as a biomarker for cardiac tissue damage,
commonly used to diagnose myocardial infarction (heart
attack) and other heart-related conditions, but its levels can
also be elevated in cases of ED. The docking approach
allowed the bioactive chemicals (ligands) to freely access all
possible binding sites on the protein (CK-MB). According
to Oyewusi et al. [47], this provided them with relevant
information regarding possible ligand-protein binding
interactions that could result in competitive, non-competi-
tive, or mixed inhibition. The formed complexes’ binding
energies showed that the chemicals discovered and silde-
nafil citrate, a medication used to treat erectile dysfunction,
had good inhibitory effects on CK-MB activity. The effi-
ciency of both compounds to prevent the hydrolytic activity
of CK-MB was really reflected in the approved bond gaps
of less than 3.5 Å between the hydrogen-acceptor and
hydrogen-donor atoms [86–88]. According to literature,
Ajmaline and its structurally related compounds discovered
in stem bark extract R. vomitoria have been reported to be
good antihypertensive agents and are used to develop drugs
for high blood pressure [89]. Also, Recanescine, is recently
isolated from Rauwolfia canescens and showed pharmaco-
logical properties similar to reserpine and rescinnamine with

potential hypotension, bradycardia, and sedation properties
by characteristic alteration in cardiovascular responses [90].
Therefore, the findings of this study supported the use of R.
vomitoria as an aphrodisiac which is liable to treat erectile
dysfunction.

Conclusion

The first step in the drug development process is identifying
the right drug target. Such targets must be validated in order
to demonstrate a sufficient degree of confidence and to
determine their pharmacological effectiveness in connection
to the condition being studied. In order to find interesting
drug targets for the creation of new medications suited for in
silico clinical trials and clinical applicability, researchers can
now investigate and interact with a variety of drug targets
using in silico drug design, which has grown in importance.
The in-silico method offers a significant benefit in terms of
reducing the time and expense associated with the drug
discovery process. As the first in vivo and in silico investi-
gation of the phytochemicals found in the ethanol extract of
Rauwolfia vomitoria’s inhibitory activity against PDE 5,
arginase, and CK-MB as a restorative target for the treatment
of erectile dysfunction, this study is, to the best of our
knowledge, unique and noteworthy. Comparing the extract
to the reference medication sildenafil citrate, it is also
important to note that it has a significant inhibitory effect on
both the penile and cardiac tissues. Additionally, the inhi-
bitory effect of the extract independently in the penile and
cardiac samples demonstrated remarkable inhibition capa-
city. The discovery of many types of phytochemicals in the
plant may be the cause of this. The findings from this study
indicated that the ethanol extract of R. vomitoria stem bark
inhibited the enzymes in dose-dependent ways, and the
phytochemicals investigated may be a promising therapeutic
agent that is more advantageous over selective PDE-5
inhibitors (sildenafil citrate). It may also be a prospective
aphrodisiac mediator with effective inhibitory action against
PDE-5 and arginase. The natural compounds identified in
RVE could be used to design and develop new treatment
options not only for ED but also for coronary artery disease.
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