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Abstract: Verthimia iphionoides extract from Palestine was tested in vitro for its antioxidant, antibac-
terial, and anticancer activities. Total phenolic content (TPC) and total flavonoid content (TFC)
measurements were made concurrently. By using FRAP and DPPH methods, the antioxidant activity
were measured spectrophotometrically. By using HPLC-PDA, phenolic and flavonoid compounds of
the extract were determined. Results showed strong antioxidant activity of the plant extract revealed
by inhibition of stable free radicals (DPPH test) and strong reducing ability (FRAP test). According to
spectrophotometric methods for total phenolic compounds and total flavonoids content, the extracts
were also found to be rich in polyphenolic compounds and flavonoids. Verthimia iphionoides extract
had high antibacterial activity against three bacterial strains (Escherichia coli, Staphylococcus aureus,
and Streptococcus aureus), with inhibition zone values of 14 mm, 25 mm, and 27 mm, respectively.
Bioactivities were primarily attributed to plants’ abundant phenol-based chemical composition.
Additionally, the extract was found to be abundant in phenolic and flavonoids, which improved
its reducing activity and capacity to scavenge free radicals. Plant extracts were subjected to HPLC
analysis, which identified different flavonoids and phenolic compounds in the extracts.

Keywords: MCF; HT29; HPLC-PDA; DPPH; FRAP

1. Introduction

In the Middle East, particularly in Palestine, herbs are utilized medicinally in addition
to being a source of food [1]. Palestine has a diversified ecosystem due to its geographic
location. Palestine possesses a wide range of folklore herbal remedies [2–4]. Varthemia
iphionoides is a plant that grows in Palestine and has recently attracted attention. Like
many other plants, V. iphionoides has a wide range of therapeutic activities, including the
treatment of diabetes, stomach aches, issues with male and female fertility, and many more.
However, more studies must be done on this plant in order to identify additional treatment
applications [2].

Many studies have been carried out on plants, during which the active compounds
and the role of these compounds in anticancer, antioxidant, and antibacterial effects are
clarified [5,6]. Anticancer compounds have the power to both trigger apoptosis and
stop the growth of cancer cells [7]. Numerous infections are fought off by antimicrobial
action, especially now that many microorganisms have developed a resistance to synthetic
antibiotics. According to the US Center for Disease Control and Prevention (CDC), more
than 2 million Americans contract antibiotic-resistant illnesses each year [8]. In addition, it
was estimated that 40,000 illness and fatalities in Europe were brought on by bacteria that
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were multidrug resistant each year [7,8]. Due to their antibacterial properties, medicinal
plants have recently attracted the attention of many scientists and researchers [9–11].

Plants are investigated for their antioxidant activity, which counteracts oxidation, in
addition to their antibacterial activity. Oxidative alterations are brought on by the formation
of free radicals and reactive oxygen species (ROS) [12]. A buildup of free radicals damages
DNA, enzymes, cellular proteins, and membrane lipids, which can lead to cellular damage.
The negative side effects of excessive oxidation are combated by antioxidants [13,14].

Cancer treatment options include surgery, radiotherapy, and chemotherapy. However,
there has been an emphasis on the use of plants in anti-cancer treatment due to the different
negative effects linked to these alternatives [15]. The focus has shifted back to plant extracts
and their phytochemicals because the chemically synthesized medications are typically
dangerous [16]. Numerous studies have provided sufficient proof that plant extracts and
phytochemicals are effective treatments with few side effects [17,18].

The active substances found in plants, known as secondary metabolites, include
phenolics and flavonoids, alkaloids, glycosides, and terpenoids, which are crucial for a
variety of vital biological processes [19]. More than 50,000 secondary metabolites from
the plant kingdom have been identified. Depending on the requirements of the plants,
they might be viewed as either attractants or repellents [19,20]. Both the plant and other
living organisms benefit from the presence of these secondary metabolites. These secondary
metabolites, which can function as antimicrobials, antioxidants, anticancer compounds, and
anti-inflammatories, are what medicinal herbs rely on. Antioxidants and other significant
bioactive substances, such as phenolic compounds, are well-known for their positive effects
on human health [20,21]. They are employed in both the treatment and prevention of many
disorders. They also have antibacterial, anticancer, cardioprotective, and anti-inflammatory
actions in addition to their antioxidant activities. Additionally, they support the immuno-
logical system [20]. Flavonoids make up the biggest class of phenolic compounds that
are found in nature. Fruits, vegetables, cereals, steams, flowers, and roots all contain
flavonoids [22–24]. The antioxidative, anti-inflammatory, anticarcinogenic, and antimu-
tagenic effects of flavonoids are well established [25]. Additionally, they have a variety
of biochemical and antioxidant properties linked to illnesses such as cancer, Alzheimer’s
disease, atherosclerosis, and many others [26–28].

V. iphionoides belong to the Asteraceae family, the genus Chiliadenus, and is growing
all throughout the Eastern Mediterranean. The 20–50-cm-long V. iphionoides has small
leaves and a woody base with several branches. It features tubular yellow blooms and
sticky stems. The period of blooms for this plant is in September and December [29]. Wild
populations of V. iphionoides can be found in rocky terrain, deserts, and harsh deserts in
the Mediterranean, Sahara, and Iran. It is found in Palestine, Jordan, Syria, and Lebanon,
among others. Traditional medicine has frequently employed V. iphionoides for a variety of
medical conditions, including kidney stones, stomach disorders, diabetes, eye infections,
and problems with male and female fertility. Additionally, V. iphionoides has demonstrated
a variety of pharmacological therapeutic activities, including anticancer, antibacterial,
antioxidant, and antiplatelet activity and in the treatment of inflammation that leads to
cancer, especially prostate cancer [30–32].

Studying the antioxidant, antibacterial, and anticancer activities of the extract of
V. iphionoides is consequently one of the study’s goals.

2. Materials and Methods
2.1. Plant Material

The plant was collected by herbalists from Palestine’s southern West Bank in September
2021 (Figure 1). The specimens were deposited in the herbarium of the biodiversity and
environmental research center, BERC, Til Village, Nablus, under the reference numbers «
BERC-BX-C-0135 ». Then, plant aerial parts were ground after being dried in the shade to a
uniform weight.
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Figure 1. (a) Verthimia iphionoides plant and (b) flower of the Verthimia iphionoides plant.

2.2. Chemical and Instrument

Ethanol, 2,2-diphenyl-1-picrylhydrazyl (DPPH), catechin, gallic acid, acetic acid,
sodium nitrite, aluminum chloride, copper chloride, ammonium acetate, neocuproine,
sodium bicarbonate, and Mueller Hinton were purchased from Sigma-Aldrich. HPLC
grade acetonitrile, methanol (MeOH) and water (H2O) were purchased from Sigma-Aldrich.
Membrane filters (0.45 µm pore size) were purchased from Sigma-Aldrich. The acetoni-
trile and water were of an HPLC grade from Sigma. Phenolic and flavonoids standards
vanillic acid, ferulic acid, syringic acid, trans-cinnamic acid, catechin, p-coumaric acid,
sinapic acid, 4-hydroxyphenylacetic acid, rutin hydrate, caffeic acid, quercetin, gallic acid,
3,4-dihydroxyphenylacetic acid, chlorogenic acid, taxifolin, luteolin 7-glucoside, apigenin
7-glucoside, luteolin, and quercetin 3-D-galactose were from Sigma.

The instruments used in this study were specord40 UV VIS spectrum, versatile single-
beam spectrophotometer for the measurement of 190–1100 nm (Analytikjena Company),
rotary evaporator, water bath, ultrasonic homogenizer, and autoclave. The analytical
HPLC was Waters Alliance (e2695 separations module), equipped with 2998 Photodiode
Array (PDA) detector. Data acquisition and control were carried out using Empower 3
chromatography data software (Waters, Germany).

2.3. Plant Extraction

First, 100 g of powdered plant material was soaked for two hours in 1 L of 100%
and 50% ethanol using an ultrasonic bath. The mixture was then filtered, and the solvent
was evaporated under reduced pressure at 45 ◦C using rotary evaporator, and then the
concentrated paste extract was dissolved in methanol or dimethyl sulfoxide (DMSO; 2%) to
a final concentration of 0.1 g/mL. The extracts were dissolved in dimethyl sulfoxide to study
the anticancer and antibacterial activities, and in methanol to study the antioxidant activity.

2.4. Anticancer Testing

For the anticancer testing, the whole experiment was conducted in a tissue culture
hood. HT29 cells and MCF7 were cultured in RPMI media and incubated for 24 h before
treatment with the extracts for the proliferation and growth of the cells. The extracts
were prepared in DMSO (2%) 0.1 g/mL. Then, 20,000 cell/100µL media was seeded in
96-microtiter plates. The cells were incubated with two volumes of each extract (50 µL and
100 µL) for 72 h at 37 ◦C [18]. Finally, 100 µL of DMSO (2%) was used as control.

2.5. Antimicrobial Testing

For the antimicrobial testing, Gram-positive bacteria Streptococcus faecalis and Staphy-
lococcus aureus and the Gram-negative Escherichia coli were used to test the activity of
V. iphionoides plant extract. The Mueller Hinton agar media was prepared by weighing
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19 g of the agar media and 500 mL of distilled water in an Elynmeyer flask. The mixture
was boiled and autoclaved for 15 min at 121 ◦C. After the autoclave, the Mueller Hinton
agar media was left to cool down and was poured into six the culture Petri dishes to
solidify. E.coli, S. faecalis, and S. aureus were cultured onto petri dishes by obtaining pure
colonies and inoculating them into small vinyl tubes with distilled water. The inoculum
was prepared according to the 0.5 McFarland turbidity standard (1.5 × 108 CFU/mL). As
the inoculum was prepared, the turbidity was regularly assessed using the McFarland
card or a white card that has horizontal black lines. The standard can be compared to the
inoculum until it matches the 0.5 McFarland turbidity standard. Using an inoculating loop
sample of the inoculum were swabbed and streaked onto the surface of the agar media in
the six petri dishes [21].

The testing for the assessment of the antimicrobial activity was conducted using the
well diffusion method; the wells were formed on the media using the back of the 100 µL
pipette tip, in which it was pushed into the agar media, then removed to pulls the contents
out leaving behind a circular whole for the extract to be pipetted in. The extract of the
V. iphionoides was filled in the wells. After that, the Petri dishes were incubated in the
incubator at 37 ◦C for 24 h. In this experiment, the DMSO (2%) was used as control.

2.6. Total Phenolic Content (TPC) Determination

Folin–Ciocâlteu reagents were used to calculate the total phenolics [22]. A volume
of 1.8 mL of Folin–Ciocâlteu reagent was combined with 50 µL of plant extracts, and
the mixture was let to stand at room temperature for 5 min. After that, 1.2 mL of 7.5%
sodium bicarbonate was added. At 765 nm, absorbance was determined after standing
at room temperature for 60 min. For calibration curve, aqueous solutions with known
concentrations of gallic acid between 20 and 500 mg/L were utilized. Gallic acid equivalents
(GAE) were used to express the results of total phenolic content.

2.7. Total Flavonoid Content (TFC) Determination

The spectrophotometric method was used to determine TFC using aluminum chlo-
ride [22]. In a test tube, 1 mL of the extract was combined with 5 mL of water. Then, 0.3 mL
of a 10% aluminum chloride solution and 0.3 mL of a 5% sodium nitrite solution were
added. After 5 min of ambient temperature incubation, 2 mL of 1 M sodium hydroxide
was added to the test tubes. With distilled water, the reaction mixture’s volume was im-
mediately made to 10 mL. Using a test tube shaker, the mixture was well stirred, and the
absorbance of the pink color that resulted was measured at 510 nm. For calibration curve,
aqueous solutions with different concentrations of catechin between 20 and 100 mg/L were
used. The results are reported as mg catechin per g of extract.

2.8. Free Radical Scavenging Activity Using DPPH

The basis of the DPPH assay is the evaluation of antioxidants’ capacity to scavenge
the stable DPPH free radical [24]. To 0.1 mL of the extract, 3.9 mL of a 0.062 mM DPPH
solution in 95% methanol was added. For 10 s, the mixture was vortexed. Until the sample
extract’s absorbance reached a steady state after 30 min, the change in absorbance was
monitored at 515 nm. As a blank, we used 95% methanol. The standard curve was created
utilizing various Trolox concentrations (20 to 200 ppm). The results of DPPH assay were
given as µmol Trolox/g.

2.9. Ferric Reducing/Antioxidant Power (FRAP Assay)

The assay of FRAP was used to measure the extracts’ antioxidant activity. First,
3.0 mL of freshly made FRAP reagent was warmed to 37 ◦C for 4 min and combined with
40 µL of the extract before being incubated at this temperature. The absorbance at 593 nm
was read using water as blank. For calibration curve, aqueous solutions with known
concentrations of Fe+2 in the range of 2–8 mM were used, and results were represented as
mmoL Fe+2/g [23].
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2.10. Analysis of Phytochemicals by HPLC
2.10.1. HPLC Conditions

Polyphenolic substances were analyzed using HPLC Waters Alliance with a PDA
detector. Software called Empower 3 for chromatographic data was used for data collecting.
A reversed phase HPLC method with a C18 column (25 cm, 3.6 m inner diameter), a blend
of 0.5% acetic acid (solution A) and acetonitrile (solution B), and a linear gradient mode
in accordance with the table below was used to analyze different polyphenolic chemicals
and flavonoids (Table 1). The column temperature was 25 ◦C, the flow rate was set at
0.5 mL/min, and the injection volume was 20 µL. A disposable 0.45 µm filter was used
to filter all samples. A photodiode array detector with a 210–400 nm wavelength range
was used.

Table 1. The gradient mobile phase conditions that were utilized for the RP-HPLC analysis of the
polyphenolic chemicals and flavonoids in the plant extracts.

Time in Minutes A (%) B (%)

0.0 95% 5%
50.0 80% 20%
65.0 65% 35%
70.0 40% 60%
75.0 10% 90%
78.0 95% 5%
80.0 95% 5%

Solution A: 0.5% acetic acid; solution B: acetonitrile.

2.10.2. Standard Solutions Preparation

The standards that were used in HPLC analysis: gallic acid, caffeic acid, syringic
acid, trans cinnamic acid, 3,4-dihydroxybenzoic acid, 3,4-dihydroxyphenylacetic acid, 4-
hydroxyphenylacetic acid, rutin, ferrulic acid, quercetin, vanillic acid, isovanallic acid,
kampferol, chlorogenic acid, verbacoside, sinapic acid, and p-coumaric acid. A measure of
20 µL of each standard (1 mg/mL) was injected into the HPLC chromatography.

2.10.3. Sample Preparation of the Extracts

First, 100 mg of dry extract was dissolved in 100 mL of ethanol (60%). Then, 20 µL of
solution was injected in HPLC chromatography.

3. Results and Discussion
3.1. Analysis of Polyphenolic Standards

The HPLC chromatograph was used to analyze 20 µL of the combination of 17 stan-
dards using the RP-phase analysis technique that was previously discussed. Due to the fact
that each compound has a different wavelength of peak absorption, the photodiode array
detector was used at several wavelengths (Table 2). Figure 2 displays the chromatograms
of the standards mixture at different wavelengths, including 300 nm (a), 323 nm (b), 270 nm
(c), and 290 nm (d). Figure 2a–d makes clear that the 17 compounds were separated when
various wavelengths were applied. In Table 2, the standards’ retention times are shown
together with the standards’ maximum wavelengths of absorption.
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Table 2. HPLC retention times for selected standard compounds.

Standard # Standard Name Retention Time

1 Gallic acid 8.2
2 3,4-Dihydroxybenzoic acid 13.8
3 3,4-Dihydroxyphenylacetic acid 16.5
4 Chlorogenic acid 21.6
5 4-hydroxyphenylacetic acid 24.5
6 Vanallic acid 25.4
7 Caffeic acid 26.9
8 Syringic acid 27.7
9 Isovanallic acid 28.5
10 p-Coumaric acid 37.8
11 Ferrulic acid 42.6
12 Sinapic acid 43.1
13 Rutin 45.9
14 Verbascoside 49.9
15 Quercetin 67.0
16 Trans-cinnamic acid 68.6
17 Kaempferol‘ 72.3
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Figure 2. HPLC chromatogram of polyphenolic and flavonoid standards analysed using RP-HPLC
method at (a) 300 nm; (b) 323 nm; (c) 270 nm; and (d) 290 nm.

Figure 3 shows the chromatogram for V. iphionoides extract (50% ethanolic extract)
at 2 wavelengths (300 and 250 nm). At 300 nm, 3,4-dihydroxybenzoic acid, kapmpferol,
chlorogenic acid, quercetin, and syringic acid were detected in the plant extract, while at
250 nm, rutin, verbascoside, kampferol, quercetin, and chlorognic acid were detected in the
chromatogram of the ethanolic extract. According to a study conducted by Abdelhalim
and Al-Munawarah, the pharmacological properties of V. iphionoides (water and ethanolic
extracts) are due to the existence of flavonoids and phenolic compounds [2].
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Figure 3. HPLC chromatogram of V. iphionoides extract analyzed using RP-HPLC method at two
different wavelengths, (a) 300 nm and (b) 250 nm.

3.2. Total Phenolic Content

Using a calibration curve of the absorbance at various contents of gallic acid, the total
phenolic content of the extracts was determined using the Folin–Ciocâlteu method. Results
were represented in mg of gallic acid/g extract. Table 3 displays the total phenolic content
of the ethanolic extracts of V. iphionoides.

Table 3. Bioactive compounds determination and antioxidant activity of V. iphionoides extract.

TPC
(mg Gallic Acid/g) TFC (mg catechin/g) DPPH

(µmol Trolox/g) FRAP (mmol Fe+2/g)

Ethanol 50% Ethanol 100% Ethanol 50% Ethanol 100% Ethanol 50% Ethanol 100% Ethanol 50% Ethanol 100%
88.2 ± 1.5 68.2 ± 1.9 26.3 ± 1.2 15.8 ± 1.3 220.6 ± 3.9 188.6 ± 2.5 9.56 ± 1.1 7.74 ± 1.3

TPC: Total phenolic content, TFC: Total flavonoid content and.

Total phenolic content for the extract with 50% ethanol concentration was found to
be 88.2 ± 1.5 mg gallic acid/g. However, the extract with 100% ethanol concentration had
a total phenolic content of 68.2 ± 1.9 (mg gallic acid/g). Results indicated that 50% has
greater extractive potential than 100% ethanol extract for total phenolic compounds. This
behavior may be attributed to the mixed mode of 50% ethanol containing water and ethanol
which gives higher amounts of polyphenolic compounds. This has to do with polarity and
the solubility properties of the active compounds in plant with the solvent.

A study by Abdelhalim and Al-Munawarah showed that different extracts and ac-
tive ingredients of Chiliadenus iphinoides had anticancer, antimicrobial, antioxidant, and
antiplatelet activities which might be due to the presence of flavonoids and phenolic com-
pounds [2]. These results are in agreement with the study conducted by Al-Dabbas et al.,
whose polyphenol content was 72.37± 1.63 mg/g extract. Also during his study, he showed
that the ethanol extract is better than other extracts, such as water, ethyl acetate, chloroform
and hexane, to extract the phenolic compounds [21]. Moreover, the polyphenol content of
50% ethanol extract was higher with those reported by Fernandes et al. who showed in his
study the polyphenol content ranged between 5.98 and 74.01 mg GAE/g when 13 plants
were extracted using acetone, ultrapure water, and glacial acetic acid [33].

3.3. Total Flavonoid Content (TFC)

Total flavonoids content of the extracts was carried out using aluminum chloride
method and results were expressed in mg catechin/g using calibration curve of the ab-
sorbance of different concentrations of catechin. Results showed that TFC was found to be
26.3 ± 1.2 and 15.8 ± 1.3 mg catechin/g for 50% and 100% ethanolic extract, respectively,
Table 3. As for TPC, total flavonoids content was found to be higher for 50% ethanolic
solvent compared to 100% ethanol solvent which can be explained by the polarity of the
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solvent and solubility of flavonoids in the solvent. These results show that the plant ethano-
lic extract is rich with phenolics and flavonoids. Al-Dabbas et al. showed that ethyl acetate
extract has the highest content of flavonoids, followed by ethanol. The flavonoids content
in his study was 24.26 ± 2.15 mg/g extract and this is consistent with the results in our
study [21].

Several flavonoids have been isolated from C. iphionoides. Afifi et al. reported the
isolation of xanthomicrol, kumatakenin, jaceidine, and 3,3′-di-O-methylquercetin [30].

3.4. Antioxidant Activity

DPPH radical scanning test is widely used to determine the antioxidant capacity
of natural extracts [34]. The results of this test activity was found to be higher for 50%
ethanolic extract compared to 100% ethanolic extract where the results obtained using the
DPPH assay are 220.6 ± 3.29 and 188.6 ± 2.5 µmol Trolox/g, respectively, Table 3. This
high antioxidant activity reflects that this ethanolic plant extract is rich with antioxidants
which inhibit the free radical DPPH. These antioxidants can be polyphenolic compounds
and flavonoids which are well known as efficient free radical scavengers. Polyphenolic and
flavonoids antioxidants are primarily due to their redox properties which make them serve
as reducing agents, donors of hydrogen, and singlet oxygen quenchers. Al-Dabbas et al.
has studied DPPH activity of different extracts of V. iphionoides, and results showed high
DPPH radical-scavenging activity in the water and ethanol extracts and were correlated
to the contents of phenolic compounds [21]. Isolated flavonoids from C. iphionoides were
found to exhibit a potent free radical scavenging activity by DPPH assay with inhibition of
more than 60% at 200 µg/mL [31,35]. In addition, the results of DPPH assay in the present
work were better than those conducted by Wojdyło et al. on 32 plants, in which the values
ranged from 7.34 to 2021 µM trolox/100 g [36]. Another study carried out by Hamada on
14 plants, the results of scavenging free radicals ranged from 0.50 to 9.06 g trolox/100 g.

The results obtained using the FRAP assay are 9.56 ± 1.1 and 7.74 ± 1.3 mmol Fe +
2/g, respectively. From the results, it was found that the extracts have higher capacity in
reducing the ferric ion (Fe3+) to ferrous ion (Fe2+) compared to scavenging free radicals.
This is consistent with what Fernandes et al. explained in his study, as well the results of
FRAP assay in his study ranged between 43.61 and 472.32 µmol trolox/g [33], and these
values are lower than those in our study.

3.5. Anticancer Activity

The anticancer activity of the V. iphionoides plant extracts was tested for MCF7 breast
cancer cell line as well as HT29 colon cancer cell line. DMSO was used as negative
control for both cancer cell lines (Figure 4a) which has no activity against these cancer
cell lines. Increased performance against cancer cell lines was assessed using cell count
and calculating % of cell inhibition of cell line upon use of plant extract compared to the
negative control (DMSO). Results showed that there is significant decrease in the cancer
cell lines counts using both 50% and 100% extracts compared to negative control. This
performance is higher at higher concentration (100 µL) compared to lower ones (50 µL) as
shown in Table 4. The performance of the extract against MCF7 breast cancer cell line was
found to be higher for 100% ethanolic extract compared to 50% ethanolic extract where
the number of dead cancer cell lines increases (Figure 4 b–e). Table 4 summarizes the % of
dead cancer cell lines for both MCF7 and HT29 cell lines. For MCF7 cancer cell lines, the
highest % of dead cells (46%) was found to be for 100% ethanolic extract of V. iphionoides
when 100 µL of extract was used.
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Table 4. Percentage of dead cells results by extracts.

Extract MCF 7 Cell Lines HT29 Cell Lines

50% extract
50 µL 19% 22%

100 µL 28% 36%

100% extract
50 µL 32% 40%

100 µL 46% 50%

In addition to MCF7 breast cancer cell lines, V. iphionoides extracts showed increased
performance against HT29 colon cancer cell lines. As for MCF7 colon cancer cell lines, the
performance of the extract against HT29 cancer cell line was found to be higher for 100%
ethanolic extract compared to 50% ethanolic extract (Figure 5 b–e) where the highest % of
dead cells was found to be 50% when 100 µL of 100% ethanolic extract was used, Table 4.
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Comparing the performance of plant extract against the two cancer cell lines inves-
tigated in this study, results showed that the performance of V. iphionoides plant extract
against HT29 is higher than that for MCF7 colon cancer cell lines using the same amount of
extract.

It is interesting to compare the anticancer activity of the extract in this study with the
extracts of this plant in other studies. Al-Dabbas et al. have studied different extracts against
human myelocytic leukemia (HL-60) cells; and results showed a pronounced cytotoxic
effect on HL-60 cells in the hexane, chloroform, and ethanol extracts, with inhibition of 89.0,
68.4, and 62.3%, respectively, at a concentration of 200 µg extract/mL [21]. Other studies
also proved the anticancer activity of V. iphionoides extracts [37,38]. The V. iphionoides extract
was showed to exhibit growth inhibition against human cancer cell lines related to the
prostate (PC3) and breast (MCF7) in a study conducted by Abbas et al. [39].

3.6. Antimicrobial Activity

The disk diffusion method was used to test the plant extracts’ antibacterial activity
against two Gram-positive bacteria (S. aureus and S. faecalis) and one Gram-negative bac-
teria (E. coli). With a zone of inhibition of 10, 15, and 16 mm, respectively, the results
demonstrated high antibacterial activity of 100% ethanol extract against E. coli, S. aureus,
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and S. faecalis. In comparison to 100% ethanolic extract, 50% ethanol extract produced
similar results against the tested bacteria but with a somewhat smaller zone of inhibition.
The plant extract works better against Gram-positive bacteria than Gram-negative bacteria,
as expected. This is explained by the fact that Gram-negative bacteria have a cell wall that
is different from Gram-positive bacteria and more resistant to the plant extract. This is
consistent with many studies that showed that Gram-positive bacteria are more sensitive
than Gram-negative [40,41].

V. iphionoides had genuinely encouraging antibacterial activity against both Gram-
positive and Gram-negative bacteria. V. iphionoides plant extracts have a highly promising
effect on many microorganisms, especially in light of the advent of S. faecalis resistance
to penicillin and other antibiotics as well as S. aureus resistance to various medicines [42],
including methicillin-resistant S. aureus (MRSA). The presence of secondary metabolites in
the plant, such as polyphenolic compounds and flavonoids, may be responsible for this
antibacterial effect. The observed antimicrobial potential of V. iphionoides indicated that this
plant possesses bioactive compounds that are able to combat pathogenic microorganisms
and support its traditional use in the treatment of pathogen infection. Aabed et al. showed
in his study that some phenolic compounds such as benzoic acids and fulvic acids increase
the permeability of the plasma membrane, which leads to disturbances in cellular osmolar-
ity and thus cell lysis [43]. In addition, many studies have shown the mechanism by which
plant extracts work against bacteria such as degradation of cell wall and plasma membrane,
Influence on genetic material and translation of proteins and also impact in amino acids
and phospholipid chains in the membrane [44].

Al-Dabbas et al. studied the antibacterial activity of V. iphionoides plant extracts against
different bacterial strains, and results showed activity against S. aureus, Bacillus subtilis,
Micrococcus luteus, E. coli, Bacillus cereus, and Salmonella enteritides in the ethyl acetate
and chloroform extracts [21]. Another study by Haddad et al. described the antibacterial
activity of the methanolic extract of V. iphionoides against different standard bacterial species
and was found to exhibit high antibacterial activity against Klebsiella pneumoniae ATCC
13883, Proteus vulgaris ATCC 13315, methicillin-resistant S. aureus ATCC 95047, and E. coli
O157:H7 ATCC43895 [45]. Low sensitivity against E. coli of C. iphionoides was reported by
Masadeh et al. [46], while the ethanolic extract did not exert an antibacterial effect against
the Gram-negative Pseudomonas aeruginosa [47].

4. Conclusions

Overall, studies on V. iphionoides plant extract have revealed that it contains a variety of
polyphenolic compounds and flavonoids, which are vital plant secondary metabolites with
a variety of biological activities. Due to their presence, the plant has an antioxidant activity.
Additionally, the plant’s antibacterial activities have shown promise, as it has a strong
inhibitory effect on bacteria (Gram-positive and Gram-negative). Additionally, the effect
on breast cancer cell lines (MCF7) and colon cancer cell lines (HT 29) have demonstrated
that it has a good anticancer activity.
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