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Abstract

Medicinal plants are the primary source of resources for practically all traditional healthcare
systems. A single herb or mixtures of multiple plants thought to have complementary and/or synergistic
effects can be found in herbal medications used in traditional medicine. The aim of this investigation
is to identify the bioactive components in the ethanol extracts of eight medicinal plants collected from
wild populations in three valleys in the Medina region, Saudi Arabia (Wadi Al-Baidha, Al-Aqiq,
and Al-Fora’a). The plants, namely, Asphodelus fistulosus, Commicarpus grandifiorus, Heliotropium
arbainense, Pulicaria incise, Rhazya stricta, Rumex vesicarius, Senna alexandrina, and Withania
somnifera, were analyzed using Liquid Chromatography-Electrospray lonization-Mass Spectrometry
(LC-ESI-Mass). The ethanol extract demonstrates the presence of bioactive phenolic compounds,
the main components of which were quercetin, luteolin, quercetin, kaempferol-3-glucuronide,
and naringenin. The ethanolic extract and its subsequent fractions’ total phenolics and antioxidant
activity were quantified. Ethanolic extract had the largest percentage of total phenolic for R. stricta
(134 mg/gdw), while R. vesicarius had the highest percentage of total antioxidant (97%). Well-diffusion
techniques were used to examine the antimicrobial potential. The findings showed that 4. graveolens
exhibited significant antibacterial activity against three kinds of bacteria: Bacillus subtilis, Escherichia
coli, and Staphylococcus aureus. Based on the present results, it is also possible to extend the exams
in order to utilize them for medicinal applications.
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Introduction

In developing nations with long histories of
traditional medical systems, the first primary healthcare
facility utilizing traditional medicine was founded in
1926. Later, the growing tendency of folk medicine
was positively impacted by the biomedical hospitals
established in the latter part of the 20" century.
Because of their biological advantages, Plectranthus
species are used in traditional medicine in Saudi
Arabia’s primary healthcare system. Some plant
species are well-known for their biological properties
as antiseptics, wound healers, and remedies for
intestinal, stomach, liver, heart, and respiratory
conditions [1].

According to Tonisi et al. [2], it is well known
that several plants in the genus Plectranthus possess
a high capacity for biosynthesis, forming a variety of
phytochemical classes from cell secondary metabolism,
primarily diterpenes, phenolics, and triterpenoids.
A sizable portion of the Arabian Peninsula is covered by
the arid landmass of Saudi Arabia, which has a geologic
structure [3].

Saudi Arabia is blessed with a diverse array of
plants, including several trees, shrubs, and medicinal
herbs. Before the advent of biomedicine, folk medicine
was widely practiced in Saudi Arabia and is regarded
as an integral part of the country’s cultural legacy [4].
There are over 2,250 plant species in Saudi Arabia
[5]. However, there are approximately 44 families,
125 genera, and 184 species in the flora of the Makkah
district. According to Ayoub et al. [6], a significant
portion of these species, 24.57%, are used medicinally.
It is characterized by a number of ecosystems with
diverse plant species, including xerophytic vegetation,
medicinal plants, and important genetic resources for
crop plants [7]. To accurately characterize medicinal
plants and show their phenolic component composition,
numerous sensitive and selective analytical techniques
have been developed [8].

Numerous cancers, diabetes, degenerative disorders,
etc., are mostly caused by free radicals [9]. The absence
of a natural antioxidant defense system results in the
production of these free radicals [10]. Almost all
plant species contain flavonoids [11]. The free radical
scavenging activity of natural antioxidant agents is used
to treat many diseases, such as Alzheimer’s disease,
diabetes, stroke, atherosclerosis, and cancer [4].

The phenolic components of medicinal plants,
including  flavonoids, lignans, catechins, and
anthocyanins, may be responsible for their antioxidant
properties [12]. Flavonoids and phenolics are potent
antioxidants that strengthen the immune system,
according to recent research. According to Neupane and
Lamichhane [13], a diet high in flavonoids can protect
against cardiovascular, neurological, and cancerous
conditions. According to numerous researches, women
who consume more flavonoids through their diet are less
likely to acquire breast cancer [14].

Therefore, this study aims to extract and investigate
phytochemical analysis of ethanolic plant extract in
Saudi Arabia to determine their main constituents using
(LC-ESI-MS/MS) of each individual plant extract using
comparative analysis with some phenolic, antioxidant,
and antimicrobial activity.

Materials and Methods
Plant Collections

During the winter, eight plant species were gathered
from various locations, including three valleys in
the Medina region (Wadi Al-Baidha, Al-Aqiq, and
Al-Fora’a), as shown in Fig. 1. They were then preserved
in plastic bags until the required analysis was completed
[15].

Plants Identification and Preparation of Samples

Plants were gathered, dried, and placed in
Jeddah University’s herbarium. According to Saudi
Arabian flora, the eight plants (Asphodelus fistulosus,
Commicarpus grandiflorus, Heliotropium arbainense,
Pulicaria incise, Rhazya stricta, Rumex vesicarius,
Senna alexandrina, and Withania somnifera) depicted in
Fig. 2 were identified and verified using the Chaudhary
plant protection method [16].

Preparation of the Extract

Following the initial filtration, the dried plant
was placed in a flask with approximately 1:15 of 95%
ethanol, and the resulting ethanolic extract was stored
in the refrigerator. Do the same thing twice. After
that, samples were heated in a water bath beneath a
condenser to heat the extract. After a day, the extracts
were repeatedly filtered through filter paper and stored
in the dark at 4°C until they were needed [17].

Performance Characteristics of the
LC-ESI-MS/MS Method

Liquid chromatography—electrospray ionization—
tandem mass spectrometry (LC-ESI-MS/MS) with
an Exion LC AC system for separation and a SCIEX
Triple Quad 5500+ MS/MS system with an electrospray
ionization (ESI) system for detection were used to
analyze the plant extracts [18].

Total Polyphenol Content (TPC)

The Folin—Ciocalteu method was used to measure
the TPC levels in ethanol plant extract in triplicate at
765 nm [19]. The calibration curve was created using
gallic acid (GA). Gallic acid equivalents per 100 g
dry weight (mg GAE/100 g DW) were used to express
the TP contents.
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Fig. 1. Map of the Study Area in three valleys (Wadi Al-Baidha, Al-Aqiq, Al-Fora’a) in the Medina region [5].

Determination of DPPH Free-Radical
Scavenging Activity

The 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical assay was carried out by the method of Mekni
spectrophotometrically [20]. Aliquots (50 pl) of various
plant extracts were added to 5 ml of a 0.004% ethanol
solution of DPPH. After incubating the samples for
30 min at room temperature, the absorbance was read
against a blank at 517 nm. Ascorbic acid (AA) was used
as a reference standard and dissolved in methanol to
make the stock solution with the same concentration
(1 mg/mL).

1(%) = (1- AS/AC ) x 100 1)

Where AC is the absorbance of the control reaction
(containing all reagents except the tested compound),
and AS is the absorbance of the tested compound. The
% of inhibition was determined from a graph plotting
percentage inhibition against extract concentration. All
experiments were performed in duplicate.

Antimicrobial Activities
Tests for Antibacterial Activity

Gram-negative microbes Escherichia coli, ATCC
25922, 27853, and Pseudomonas aeruginosa NRRL
B23 were also used, in addition to the two gram-
positive bacteria Bacillus subtilits NRRL-B-4219
and Staphylococcus aureus (ATCC 25923). In order
to compare the antibacterial activity of plant extract
against human pathogenic bacteria, the well diffusion
method [21] was used to complete the antibacterial tests.
As a guide, neomycin was used at a concentration of
30 pg/ml. Saline was added to the bacterial suspensions
until they reached a concentration of 10° CFU/mlL
To verify that there was no tainting and to verify the
inoculum’s authenticity, it was refined on nutrient
medium. After spreading the societies onto the plates,
a cork borer (8 mm) was used to create wells. Dimethyl
sulfoxide (DMSO)-weakened designed mixtures with
10 pg/ml were placed in well stacks, and foci (10 pg/
ml) were added to each well independently. Neomycin
was utilized as guidelines, with a focus of 30 pg/ml
used as a standard antibacterial, and DMSO was used as
a negative control. The Petri dishes were kept aseptically
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Fig. 2. Pictures and scientific names of the plant study. Photos by mobile iPhone 7 Model: A1778.

for roughly 4 to 5 h for dissemination of the example.
Following, all the Petri dishes were incubated for 24 h
at 32°C, then the development of inhibition zones was
estimated.

Antifungal Activity

The potato dextrose agar medium was utilized for
determining the antifungal activity of the plant extract.
The medium was arranged and sanitized in an autoclave
for 15 min at 15 psi. At that point, it was aseptically
moved into the serialized Petri plates. After a term of
2 h., the contagious strains, yeasts, for example, Candida
albicans ATCC 10231, and growths (Aspergillus niger
NRRL-3 and Penicillium sp.), were immunized on the
surface of Petri plates independently. The parasitic
suspensions were balanced with clean saline solution to
10* spores/ml [22]. The inocula were refined on strong
medium to confirm the nonappearance of pollution and
to check the legitimacy of the inoculum. Societies were
spread onto the plates, and after that, wells were made
by utilizing a cork borer (8 mm). Wells were stacked
with: 10 pg/ml of complex weakened with dimethyl
sulfoxide (DMSO) at (50 pg/ml) were added to each
well independently. These Petri plates were incubated
for 48 h at a temperature of 28+2°C, and after that, the
development of inhibition zones (in mm) was recorded.
The zone of restraint (mm) of each compound was
resolved and contrasted, and the standard medication
Tetracycline antifungal activity was essentially
estimated as subjective, and after that, the best outcomes
were rehashed with focus (30 pg/ml).

Results and Discussion

In the current study, eight plants cultivated in
Saudi Arabia were explored and characterized quickly
using (LC-ESI-MS/MS) chromatographic analysis.
Furthermore, the presence of certain flavonoids and
phenolic acids was investigated in comparison to
standard samples. International recognition of HPLC
as a trustworthy technique for identifying herbs and
herbal products is well established. In a complicated
herbal system, it can identify both unknown and marker
elements [17].

According to Table 1, Table 2 and Fig. 3, each plant
sample contains a unique phenolic and flavonoid, all of
the plants included the following compounds: coumaric
acid, luteolin, syringic acid, ferulic acid, naringenin,
vanillin, rutin, cuffeic acid, chlorogenic acid, and
3,4-dihydroxybenzoic acid.

This chemical is important in the perfume industry
and also gives the samples a unique aromatic smell
depending on concentration [23]. Coumaric acid,
which is typically found in fruit peels, has anti-
inflammatory properties and helps keep fruits from
going bad [17]. As an antioxidant, anti-allergic, anti-
helminthic, and typically used astringent, rutin has
numerous applications in leather tanning and dyeing
[24]. Its molecules help lower cholesterol and control
blood glucose levels, making it an anti-diabetic [25].
It contains antioxidant properties [26], helps dilate blood
vessels, and guards against liver disorders, cancer, and
cell damage [27].

The HPLC chromatograms in Fig. 3 showed
a close similarity with minor caffeic acids in all plants
under investigation. All of the plants under study had
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a close resemblance to minor caffeic acids, according
to the HPLC chromatograms in Fig. 3. Similar findings
were consistent with numerous other Plectranthus
taxonomic species from which similar acids have
previously been found.in agreement with many other
species of Plectranthus taxa from which these acids were
previously identified [28]. Also, the LC-ESI-MS/MS
analysis of C. grandifloras extract was in agreement
with Mahato and Kundu, with isolation of two new
triterpenes and seven known compounds [29]. There
are differences between the eight species, which showed
the presence or absence of apigenin, kaempferol, methyl
gallate, quercetin, daidzein, and gallic acid. Cinnamic
acid, catechin, myricetin, hesperetin, and ellagic acid
were not detected in all studied plant samples.

Although we are mostly interested in the proteins,
lipids, carbohydrates/sugars, and other vitamins that
are present in food plants, we are also searching
for compounds that have therapeutic value that are
present in medicinal plants. These chemicals are
commonly referred to as secondary metabolites and
are not particularly necessary for plants’ or organisms’
normal growth and development. These substances
are produced by plants in order to defend themselves
against harmful organisms, illnesses, and environmental
factors. Polyphenols, alkaloids, glycosides, terpenes,
flavonoids, coumarins, tannins, and other SMs are

primarily beneficial in medicine [12].

According to Sahar et al. [15], secondary metabolites
made by plants, including phenolic compounds, have
a wide range of therapeutic benefits, including anti-
inflammatory, antibacterial, antiviral, and strong
antioxidant qualities. From the above findings,
Gallic acid may be used as a helpful tool for the
chemotaxonomy of Plectranthus taxa that are grown in
Saudi Arabia, we can conclude.

There is not many research on plant diversity in this
area, despite the fact that its geographical makeup gives
it a unique richness. However, there is no information
about their exploration because no ethnobotany surveys
have been attempted. Because of this, the flora of the
Aljumum region has not gotten enough attention when
it comes to documenting its wild medicinal plants.
Therefore, the goal of this study was to record the
medicinal plants that grow in the Aljumum region by
conducting field surveys inside the study area.

Finally, HPLC is considered to be the principal
analytical technique for quantitative analysis within
complex matrices and qualitative determination of the
targeted compounds.

Total Polyphenolic

The TPC values for all samples are shown in Fig.
4. Concerning total phenolics (mg GAEs/Kg D.W.)
in different plant extracts. In this regard, there were
quite notable differences among all the plants that were
examined. Flavonoids and phenols were significant
biologically active components because they were

thought to be antibacterial, antioxidant, and anticancer
agents. etc., [30].

As shown in Fig. 4, it was found that Rhazya stricta,
Rumex vesicarius, Pulicaria incise, and Withania
somnifera were the most abundant (134, 77, 75, and 71),
followed by Heliotropium arbainense and Commicarpus
grandiflorus (65 and 57), while Asphodelus fistulosus
and Senna alexandrina were found to be the least
abundant in this regard (40 and 22).

There was a similarity between our results and
those reported in the literature; the literature showed
that these species were regarded as antioxidants. The
chemical makeup of several of these extracts was
examined, paying particular attention to flavonoids and
anthraquinones in the case of R. patientia roots [31].

Flavonoids serve a variety of purposes in plants,
and it has been proposed that they serve as secondary
antioxidants defined in response to different types of
stress. Senna alexandrina ethanol extracts exhibited
higher TFC than the other extracts. The findings
of this study are not consistent with those found
in Mwamatope’s literature. Senna alexandrina’s
antioxidant activity results are comparable to those
described in the literature, and there may be similar
causes causing the differences in TPC [12].

Antioxidant Activity

Because of its stability in the radical state and
ease of assay, the DPPH radical is a favored substrate
for quickly evaluating antioxidant activity. Recent
studies suggest that the antioxidant activity of phenolic
compounds derived from plants, especially flavonoids,
may be caused by -OH groups, which have redox
characteristics [21].

The DPPH assay was used to evaluate the
investigated plant extracts’ capacity to scavenge free
radicals in relation to ascorbic acid as standards. There
was a discernible variance in the overall antioxidant
activity of plant extracts from various plants (Fig.
5). The variance was somewhat consistent with the
flavonoid and phenolic content. According to our
research, the plant extracts are abundant in phenolic and
flavonoid components, which are crucial for the body
as dietary supplements and medications. According to
numerous studies, these nutrients can support immunity,
protect the liver, regulate elevated cholesterol, manage
blood pressure, and more [32].

Rumex vesicarius’ current antioxidant activity results
were consistent with Demirezer et al. [33]. Antioxidant
activity, total phenolics, and flavonoids results agreed
that plant maturity and genotype may have contributed
to the variation in phenolic compound concentrations
[34].

The antioxidant activity was calculated as
percentages. According to the data, the species of H.
zeylanicum exhibited the most pronounced antioxidant
activity, with a percentage of 92.79%. Similarly, a
high antioxidant activity of around 84.08 was found
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Fig. 5. Antioxidant activity of plant extracts.

by the species H. bacciferum. A clear difference was
seen when the antioxidant activity of extracts from
the Heliotropium species under study was measured
[35].

Based on the findings, it appears that the antioxidant
activity was directly correlated with the amount of
phenolics present. To put it another way, the antioxidant
activity increased with the phenolic concentration. In
earlier studies, total antioxidant potential was utilized to
compare species of cherry [36]. The levels of bioactive
compounds that accumulate in plants may be directly
impacted by different habitats. Abd-ElGawad et al.
[37] examined the antioxidant activity and phenolic
content of several plants gathered from Saudi Arabia.
Results on antioxidant activity and total phenolics were
consistent with those of El-Hawary et al. [38], who
found that the presence of flavonoids and phenolics in R.
vesicarius had hepatoprotective and antioxidant effects.
The findings of R. vesicarius L.’s antioxidant activity,
total phenolics, and flavonoids also concurred with
those of Tavares et al. [39], who discovered that R.
maderensis’s flavonoids and polyphenolics were highly

R. stricta W. somnifera  A. fistulosus  Ascorbic Acid

Plant Extracts

correlated with its antioxidant capacity, that the plant’s
antioxidant capacity is reflected in its total flavonoid
and phenolic content, and that flavonoids are antioxidant
molecules that scavenge free radicals with their
concurrent oxidation.

Antimicrobial Activity

Plant extracts were evaluated for their antimicrobial
activities against S.
Pseudomonas aeruginosa, Bacillus subtilis, Candida
albicans, Aspergillus niger, and Penicillium. In the
present study, the well diffusion observations reveal that
ethanolic plant extracts were active against the three
fungal strains Candida albicans, Aspergillus niger, and
Penicillium, whereas the ethanolic plant extracts showed
moderate activity, which was comparable to the standard
drug tetracycline at a concentration of 30 pg/well.
The R. vesicarius, H. arbainense, and P. incisa exhibited
weaker antifungal activity against Candida albicans (22,
20, and 16 mm, respectively), compared to Tetracycline
(22 mm). Moreover, only weak antibacterial activities

aureus, Escherichia coli,
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Fig. 7. The antifungal activity of plant extracts.

were observed towards all examined strains, and none
of the samples inhibited the growth of the plant extracts.
Numerous illnesses, including rheumatoid arthritis,
cancer, Parkinson’s and Alzheimer’s diseases, are likely
to occur as a result of the body producing oxygen and
free radicals [40]

From the results shown in Figs 6 and 7, it was
observed that Gram-positive bacterial strains were
sensitive towards the various extracts. The zone of
inhibition for C. grandiflora, S. alexandrina, and W.
somnifera (24, 20, and 30 mm, respectively) against
Staph. aureus compared with neomycin (18 mm).
A minimum inhibitory concentration (MIC) value
of > 64 mg/mL for ecucalyptin (8 mg/ml) against
Staphylococcus aureus was reported by Brezani et al.
[41]. Shehabeldine et al. showed that this compound
significantly damaged the cell walls and membranes of
bacteria. Additionally, Prior research has documented

the antimicrobial properties of a few of the compounds
that were separated from the exudate of C. grandiflorus
aerial parts. While MICs ranged from 64 to 88 g/ml,
other isolated compounds demonstrated antibacterial
efficacy against Streptococcus mutans. Because they
have biological properties, including antioxidant and
antibacterial properties, these secondary metabolites
help safeguard plants [42].

Natural antioxidants are helpful in the treatment
of many illnesses since they have less harmful side
effects and can guard against oxidative deterioration.
It has been noted that the plant’s extracts and fractions
have antioxidant qualities. According to the antioxidant
study’s findings, A4. fistulosus is a perfect source of
antioxidants because it contains polyphenols. In a
number of nations, including Cyprus, Egypt, Libya,
Palestine, and Spain, 4. fistulosus has long been utilized
to treat fungal and dermatomycoses diseases [43].
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Asphodelus spp extracts have antiseptic and anti-
inflammatory properties, antifungal and antitumor
activities. Anthraquinones, flavonoids, terpenes, and
phenolic acids are the most important metabolites.
These metabolites could be responsible for the
antiprotozoal activity of this plant. From the results
of the present study, different plants of R.vesicarius
have variable anti-microbial and antioxidant activities.
These variations were closely related to the variation in
chemical composition within different plants and to the
anti-inflammatory activities of compounds isolated from
Eucalyptus globulus Labill [19].

Conclusions

Herbal medications in traditional medicine often
consist of a single herb or a combination of herbs
believed to have complementary and/or synergistic
effects. The quality of the raw ingredients, which again
depend on herbal products, is influenced by factors
such as the mineral composition of the soil, geographic
location, etc., and determines the quality of the final
product. The bioactivities of these herbs are primarily
attributed to the high concentration of phenol-based
chemicals found in plants. The chemical composition
of these plants was determined for the first time using
liquid chromatography-electrospray ionization-time-of-
flight mass spectrometry analysis (LC-ESI-TOF-MS).
22 chemicals were tentatively identified by LC-MS/MS.
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