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Medicinal plants represent an essential source of active biological compounds. The current study
examined the methanol extract of V. iphionoides for its antibacterial, antioxidant, and anti-
inflammatory activities. The antibacterial activity was evaluated against six bacterial strains
(Staphylococcus xyloses, Escherichia coli, Klebsiella oxytoca, Enterobacter aerogenes,
Achromabacter xylosoxidans, and Pseudomonas aerugenosa). V. iphionoides extract showed
good antibacterial activity against Staphylococcus xylosus followed by, pseudomonas aeruginosa
and Klebsiella oxytoca, and the minimum inhibitory concentrations (MICs) were 33, 33, and 11
pg/ml, respectively. However, the extract did not show any antibacterial activity against the other
bacterial strains. The antioxidant activity of the plant extract was evaluated using ABTS and
DPPH radical scavenging assays, and the Trolox equivalents were 93+0.31 and 84.8+0.28 mg
Trolox/g plant extract, respectively. Anti-inflammatory activity in LPS-induced mice was
investigated by measuring the concentration of pro-inflammatory cytokines TNF-alpha, IL 1beta,
and antioxidant enzyme catalase and glutathione peroxidase. The results demonstrated that the
highest concentration of V. iphionoides extract was the most efficient. Anti-inflammatory activity
was exhibited by reducing the concentrations of pro-inflammatory TNF-o and IL 1 beta and
reducing the concentrations of antioxidant enzyme catalase and glutathione peroxidase compared

to the negative control group.
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Introduction

Medicinal plants continue to be an important source to treat
many diseases. World Health Organization (WHO) estimated that 80%
of the population still depends on alternative medicines for the treatment
of diseases.! Medicinal plants represent an essential source of active
biological compounds, therefore they have played an important role in
the health of human beings and their value is appreciated to date.? The
possible hazards of antibiotic in public health, and the incorrect use of
antibiotics has contributed to the increase in bacterial resistance.3* This
has led to the failure of the treatment of many microbial diseases,’
therefore, scientists are challenged to come up with new ideas of
alternative and novel drugs to overcome microbial resistance.®
Inflammation is defined as a normal body response to foreign agents,
such as microbial pathogens, and tissue damage.”
V. phionoides is one of the most important medicinal plants found in the
east of the Mediterranean region. This plant is a member of the
Asteraceae family. It is a 20 to 50 cm long (in some regions, it can reach
80 cm) green dwarf shrub with hairy leaves and aromatic glands.
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It has tubular flowers, and the blooming season extends from September
to December. It has been used in traditional medicine to treat pains,
wounds, complaints, and urine retention.®'° Many studies have shown
that V. iphionoides contains many chemical constituents that have
different effects such as antimicrobial,** anti-thrombosis.*? cytotoxic,
and antioxidant activities.'>!* Moreover, it has been reported that V.
iphionoides has antidiabetic and anticancer properties.’>® There are
few studies on its potential as anti-nflammatory agent.*’ V. iphionoides
is utilized in the treatment of various conditions: stomach ailments,
diabetes, male and female infertility, eye disease, kidney stones, and as
an anti-inflammatory. The areal parts of V. iphionoides have been
utilized for the treatment of some infections in sheep and goats such as
colic, fever, and scabies.'® This study aimed to investigate the effects of
V. iphionoides as an antibacterial and antioxidant agent as well as
evaluating the anti- inflammatory effects and its ability to decrease the
concentration of pro-inflammatory cytokine in mice.

Materials

Plant material

The fresh plant aerial parts were collected from different regions of
Karak city during April and May 2021, from Al-Karak Governorate/
South Jordan. The chosen parts were washed thoroughly with tap water
to remove dirt, then dried in shade at room temperature for 14 days. A
voucher specimen with the number (MU 2021-33) has been deposited
in the Department of Biology at Mutah University.

Sample preparation

Dried leaves were crushed by blender into uniform powder to increase
the surface area for extraction. Two hundred grams of the powder were
placed into a sterile conical flask containing 1000 ml of methanol
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(99%). The Conical flask was tightly covered, shaken vigorously, and
soaked for 3 days to enhance the proper dissolution of the bioactive
compounds in the sample. The sample solution was filtered using a
Buchner funnel with 0.45 pm filter paper (Whatman Int. Ltd.,
Maidstone, U.K) at room temperature. The filtrate was then centrifuged
at 3000 rpm for 10 minutes and concentrated using a rotary evaporator
(BUCHI Rotavapor BL-710D, Switzerland) at 45°C until the extract
become completely dry. The extract was stored in a plastic container at
4°C in a refrigerator until used.*

Determination of extraction yield

The percentage of yield (w/w) from all the dried extracts was calculated
as follows:

Yield (%) = (W1 * 100%)/W2

Where W1 is the weight of the extract, and W2 is the weight of the plant
powder 11,

Antibacterial assay

Preparation of bacterial suspension

The culture medium was prepared according to the Laboratory
Standards Institute (CLSI M7-A7, 2012) standards. One bacterial
colony was selected and cultured in sterile 5 ml nutrient broth (NB)
overnight at 37 °C. Bacterial growth was set at a value of 0.5 McFarland
Standard using sterile NB, with the final absorbance being 0.1 at 620
nm. Six human pathogenic bacterial strains (Staphylococcus xylosus,
Escherichia coli, Klebsiella oxytoca, Enterobacter aerogenes,
Achromabacter xylosoxidans, and pseudomonas aerugenosa) were
obtained from Dr. Yaseen Al Qaisi (Microbiology Research Lab.,
Department of Biology, Mu'tah University).

Antibacterial activity of the extract

The antibacterial activity of the extract was investigated using the disc
diffusion method.?® The crude plant extract was dissolved in 10%
DMSO in addition to MeOH. Four to five well-isolated colonies of the
same morphological type were selected and inoculated into tubes
containing 5 ml Muller-Hinton broth and incubated at 37°C with
shaking at 150 rpm until the turbidity of the bacterial growth was
achieved. The antibacterial action was examined at two different
concentrations: 300 and 450 pg/disc. The growth medium was prepared,
autoclaved, and allowed to cool to 48-50°C and a standard inoculum
(2%108 CFU/mL) was then added under aseptic conditions to the molten
agar and poured into sterile Petri dishes to give a solid plate. Then,
sterile antimicrobial susceptibility discs (6 mm diameter) were loaded
with 10 pL of the extract and placed on the inoculated plates. For each
bacterial strain, negative control (10% DMSO in methanol) was
included. Teicoplanin (TEI) and Olfaxcin (OFX) were used as positive
controls. The cultures were incubated at 37 °C for 24 h. The antibacterial
activity was determined according to the size of the inhibition zone
around each disc. Each test was done in triplicate.'

Determination of minimum inhibitory concentration (MIC)

The MIC values were determined using the microdilution broth
susceptibility assay, following the National Committee for Clinical
Laboratory Standardization's standards. All trials began with a typical
initial inoculum (2x10° cell/mL) which was inoculated into microwells
(96-wells microplate) containing a serial dilution of plant extract
ranging from 0 to 2000 pg /mL. Each experiment comprised negative
controls (media, cell suspension, and the solvent, which was always
maintained at 1%, without extract) and blanks (medium containing
extract but without cell suspension). The microplates were incubated at
37°C for 24 hrs. After 24 hours of incubation, the MIC was determined
as the lowest extract concentration that inhibits the visible growth of the
bacteria when compared to a negative control -2,

Evaluation of the antioxidant activity of the extract

DPPH radical scavenging assay

The hydrogen atom or electron-donating capacity of the corresponding
extract was measured by bleaching a purple-colored methanol solution
of DPPH?4, Aliquots (50 pL) of different concentrations of the plant
extract in the range of 0.1-2 mg/mL were mixed with 5 mL of 0.004%
2,2-Diphenyl-1-picrylhydrazyl (DPPH) in methanol and incubated in
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dark at room temperature. After 30 minutes of incubation, the
absorbance was measured against methanol at 517 nm. The following
equation was used to calculate the inhibition of DPPH radical by the
extract:

1 % = [(A blank — A sample) / A blank] x 100%

Where A blank is the absorbance of the control reaction (containing all
reagents except the test compound), and A Sample is the absorbance of
the test compound. For each plant extract, the DPPH inhibition curve
was constructed, and the concentration of extract providing 50%
inhibition of DPPH (IC50) was calculated. Trolox was used for the
construction of a standard curve to calculate the Trolox equivalent
antioxidant capacity of the plant extract 2.

ABTS radical scavenging assay

The ABTS radical scavenging activity was evaluated using a modified
version of the method described by Yu et al 1. Mixing an equal volume
of a 7 mM ABTS stock solution and a 2.45 mM potassium persulfate
solution produced the ABTS solution. The mixture was then kept at
room temperature in the dark for 12 to 16 hours. The ABTS solution
was diluted to an absorbance of 0.70+0.02 at 734 nm by adding 10 mM
of phosphate-buffered saline (PBS, pH 7.4) Then, 3 mL of the diluted
ABTS solution was combined with 50 IL of the sample solution. After
a 6-minute dark, room-temperature incubation, the absorbance of the
mixture was immediately measured at 734 nm. The control was made
by substituting PBS for the ABTS solution, and the blank was made by
substituting distilled water for the sample. The ABTS radical
scavenging activity (%) was calculated using the formula:

ABTS radical scavenging activity (%) = [1 - (As - Ac)/Ab],

where As, Ac, and Ab represent the absorbance values of the sample,
control, and blank, respectively.

Evaluation of Anti-inflammatory effects

Animals

Female BALB/c mice weighing 25 g were purchased from the Applied
Science University animal house. All BALB/c mice received water and
a standard rodent diet.

Acute toxicity study and dose selection

The dose of the V. iphionoides methanolic extract was selected based
on the lethal dose (LD50). LD50 experiment was conducted on 30
BALB/c mice to determine the dose that is considered safe to be
administered. The experiment was conducted by selecting five different
doses (100, 200, 400, 500, 1000, and 2000 mg/kg), which were
administered orally to each group of six mice. After oral administration,
clinical observations were performed at 4, 8, 12, and 16 hours after dose
administration. After 24 hours, the number of survived mice was
counted in each group, and the survival rate was calculated based on
Reed-Muench method 26 as (number of live mice/ total number of mice
tested) x100%.

Study design

In this study, a total of 30 BALB/c mice were used. The mice were
divided into 5 groups (6 for each group): Group 1: 6 mice were given
water (i.p); Group 2: 6 mice were given only LPS as a negative control
(atadose of 2.5mg/kg i.p); Group 3: 6 mice were given LPS (2.5 mg/kg
i.p) and after 24 h given ascorbic acid as a positive control (500 mg/kg
i.p); Group 4: 6 mice were given LPS (2.5 mg/kg i.p) and after 24 h
given V. iphionoides extract (100 mg/kg i.p); Group 5: 6 mice were
given LPS (2.5 mg/kg i.p) and after 24 h given V. iphionoides
methanolic extract (200 mg/kg i.p).

Biochemical analysis

Blood samples (1 mL) were collected in sterile tubes and allowed to clot
at room temperature for 10 minutes. Then, the blood samples were
centrifuged at 2500 rpm for 10 min and the sera were stored at -21°C
until used. Measurements of serum concentrations of TNF- alpha, IL-
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1B, CAT, and GP-X were performed according to manufacturers'
instructions.?’

Statistical analysis

One-way analysis of variance (ANOVA) was used followed by
Dunnett's post hoc test. The data was analyzed by SPSS© 22 (SPSS,
Inc., USA). The rest of the results were presented as means+ standard
deviation (SD) of 3-4 independent experiments. Statistical differences
between control and different treatment groups were determined using
Graph Pad Prism ANOVA followed by Dunnett's post hoc test.

Results and Discussion

Dry weight and yield percentage of plant extract
The weight of yielded plant extract and the yield percentage are shown
in Table 1.

Antibacterial activity of plant extracts

The results of the antibacterial activity of the plant extract are shown in
Table 2. The inhibition zones of tested bacterial strains were measured
and recorded in mm. Different responses to the plant extract have been
seen in the different bacterial species, and the response was dose-
dependent in the same species. The highest antibacterial effect was seen
against Staphylococcus xylosus followed by, pseudomonas aeruginosa
and Klebsiella oxytoca. However, no effect was seen on the other
bacterial species as demonstrated in Table 2. The negative control discs
in all investigations did not show any inhibition against bacteria growth.
Positive controls showed different activities against the bacterial strains
and their inhibition zone was used as a reference to determine the
efficiency of chosen plants.

MIC of plant extracts against bacterial growth

To determine the MIC values of the plant extract against the tested
bacterial species, the microdilution method was employed. According
to the results (Table 3), the tested plant extract possessed antibacterial
activities in various degrees. The MIC values were between 11-110
pg/mL.

The inappropriate uses of antibiotics are often associated with resistance
in bacterial strains. This has resulted in many health problems during
the treatment of microbial disease 2. Most of these compounds should
be tested in in vivo studies to investigate their effectiveness in whole-
organism systems, including toxicity studies as well as an tested of their
effects on the beneficial bacteria in the body such as microflora in the
digestive, respiratory and others system.?3 It was observed that the
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activity of medicinal plant extracts varies from one plant to another and
from different country of the world in different research's, and this may
be resulted due to many factors such as different of climate, soil
composition, age and vegetation cycle stage on the quality, quantity and
composition of extracted product.®* In the current study, the
antimicrobial, antioxidants and anti-inflammatory effects of V.
iphionoides was studied. The results of the current study demonstrated
that the V. iphionoides methanolic extract have different levels of
antimicrobial activities comparing to standard antibiotics (Teicoplanin
(TEI) and Ofloxacin (OFX)). The results of inhibition zone were in
accordance with the values of MICs for V. iphionoides methonolic
extract. The methanol extraction of V. iphionoides was effective against
the following bacteria S. xylosus, K. oxytoca and p. aerugenosa at
different level but no any antimicrobial activities against E. aerogenas,
A. xylosoxidans and E. coli in both concentration Table (3). The gram-
positive S. xylosus showed the maximum activity against V. iphionoides
methanolic extract with mean of inhibitory zone 19.6 mm. This finding
indicates that some compounds present in V. iphionoides methanolic
extract have antibacterial activity against Gram-positive and Gram-
negative bacteria. These results agreement with Masadeh et al., 2013,
Afifi etal., 1991.3233 who showed the V. iphionoides methanolic extract
have antibacterial agents against Staphylococcus species, but there is no
antibacterial activity against E. coli. The variations in antibacterial
activity response to V. iphionoides methanolic extract may refer to the
differences in cell wall structure between gram positive and gram-
negative bacteria or the mode of action of the V. iphionoides methanolic
extract against tested bacterial species. V. iphionoides is most
commonly used in traditional medicine for the treatment of
gastrointestinal infection in Jordan.®

Antioxidant activity

Antioxidant activities of V. iphionoides methanolic extract was
assessed by detecting their ability to scavenge free radicals by using
DPPH, and ABTS radical scavenging activity methods.

ABTS and DPPH

The antioxidant activity of V. iphionoides methanolic extract was
measured by ABTS scavenging assay. which is one of the main method
which used in determining the free radical-scavenging activity of
various natural products. V. iphionoides methanolic extract showed high
antioxidant activity in TEACpepr and TEACasTs results, V. iphionoides
contained high amount of phenols as shown in the Table 4.

Table 1: Weight and yield percentage of crude plant extract.

Plant Dry weight of plant ~ Weight of plant extract Yield of plant extract
(9 (9 (%)
V. iphionoides 200 22 11%

Table 2: Antibacterial activity of methanol extract of V.
iphionoides at different concentrations on the bacterial growth.
Data are shown as Mean +SD, n=3.

Bacterial strain Zone of inhibition (mm)

300 pg/disc 450 pg/disc

S. xylosus 161 19.6 £1.08

K. oxytoca 9.6 £0.59 13.3+1.47
E. aerogenes -ve* -ve*

P. aerugenosa 12.6 + 1.47 15.33 £ 0.58
A. xylosoxidans -ve -ve
E. coli -ve -ve

*-ve: No inhibition zone was detected

Table 3: The MIC values of V. iphionoides extract on the
different bacterial strains in (ug/mL)

Bacterial strain MIC (pg/mL)
S. xylosus 22
K. oxytoca 33
P. aerugenosa 33

Table 4: Effect of plant extract as antioxidant

Test Antioxidant activity
TEACoDrrH 84.8 + 0.28 mg Trolox/g
TEAChsTs 93+ 0.31 mg Trolox/g
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Acute toxicity study and selection of the experimental dose

The LDso value of the V. iphionoides methanolic extract was 1000
mg/kg. In in-vivo study 100 mg/kg (1/10 LDso and 200 mg/kg (1/5
LDso) was used.

The results support the use of V. iphionoides plant in folk medicine in
treatment of microbial infection. Phenolic compounds have been
previously identified as one of the main phytochemical in V.
iphionoides, and the antimicrobial activities of V. iphionoides
methanolic extract are associated in plant with high content of phenolic
compounds.® Phenolic compounds have been suggested as
antimicrobial agents by lysis of the plasma membrane, and disturbing
the transport, electron flow, and microbial enzymes . In addition,
flavonoids and essential oils are also considered as one of the main
important V. iphionoides plant phytochemical, which may be attributed
to the antimicrobial activity of this plant®®3" showed flavonoids and
essential oils isolated from V. iphionoides revealed antimicrobial agents
through inhibition of genetic material DNA synthesis, disturbing
plasma membrane function and energy metabolism process. Essential
oils especially, were reported to disrupt mitochondria in the cell through
disintegrating double membrane permeability . The total antioxidant
activities of V. iphionoides methanolic extracts was measured by using
two commonly accepted assays, DPPH and ABTS, were employed to
evaluate the total antioxidant activity of V. iphionoides methanolic
extract, and TEAC-DPPH and TEAC-ABTS were indicated. The
antioxidant activity of V. iphionoides methanolic extract was measured
by DPPH scavenging assay, which is one of the main method which
used in determining the free radical-scavenging activity of various
natural products.®® The absorbance of the DPPH-solution decreases as
the plant extract is added because of a color change from purple to
yellow showing that the radical is scavenged by antioxidants through
donation of hydrogen radicals (H-) to form the stable DPPH molecule.*’
The phenolic compounds are one of the major plant content and found
in many plants in different concentration and show different antioxidant
activity.** Phenolic compounds have the ability to scavenge free
radicals such as the Reactive Oxygen Species (ROS) which are
determined by their reactivity as hydrogen-or electron donating
agents.* In current study V. iphionoides methanolic extract show high
antioxidant activity in TEACpepn and TEACasrTs results, V. iphionoides
contained high amount of phenolic TEACoreH (84.8+0.28 Mg trolox/g)
and TEACasTs (93+£0.31 Mg trolox/g). These results are in agreement
with Mallinckrodt et al., (2007)* results, who reported that the extracts
of plant with high amounts of phenolic compounds, which have highly
potential as protecting agents against the lethal effects of oxidative
stress and protection of DNA from damage. Also, these observations
agreed with several previous findings 4445, The antioxidant activities of
V. iphionoides methanolic extract in the present study, are in
accordance with the previous findings of. 6,4” who reported moderate
antioxidant activity for V. iphionoides. The present study showed a
strong correlation between the mean values of TEACopeeH and
TEACasTs Wwhich indicated that compounds present in the V.
iphionoides  methanolic extract capable of reducing DPPH radicals
were also able to reduce ABTS. Pro-inflammatory cytokines production
in high concentration accelerate the chronic inflammations, which leads
to more activations of immune system, and continuous activation leads
to tissue destruction and cancer development.

Effect of V. iphionoides extract on the TNF alpha concentration

Figure 1 shows the TNF alpha concentration in different groups. LPS
which was used as negative control significantly induce the cell to
produce TNF comparing with normal non treated group and ascorbic
acid as positive control significant reduce the TNF production
compared with negative group. V. iphionoides methanolic extract at the
dose of 100 mg/kg and 200 mg/kg significant decrease the production
of TNF respectively as concentration increase compared with negative
groups and have similar effect as positive control.

Effect of V. iphionoides methanolic extract on the expression on I1L1
beta concentration.

Figure 2 shows the IL1 beta concentration in different groups. LPS
significantly induce the cell to produce IL1 beta compared with normal
non treated group and ascorbic acid as positive control highly
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significant reduce the production comparing with negative group. V.
iphionoides methanolic extract at concentration 100 mg/k.g and 200
mg/k.g highly significant decrease the production of IL1 beta
respectively as concentration increase compared with negative groups
and have similar effect as positive control.

Effect of V. iphionoides methanolic extract on the expression on
catalase concentration.

Figure 3 shows the catalase enzyme concentration in different groups.
LPS which was used as negative control significantly induce the cell to
produce catalase enzyme comparing with normal non treated group and
ascorbic acid as positive control significantly reduce the production
compared with negative group. V. phionoides methanolic extract at
concentration 100 mg/k.g and 200 mg/k.g significantly decrease the
production of catalase enzyme respectively as concentration increase
compared with negative groups and have similar effect as positive
control.

Effect of V. iphionoides methonlic extract on the expression on
Glutathione peroxidase concentration.

Figure 4 shows the Glutathione peroxidase enzyme concentration in
different groups. LPS which was used as negative control significantly
induce the cell to produce Glutathione peroxidase enzyme compared
with normal non treated group and ascorbic acid as positive control
highly significant reduce the production comparing with negative
group. V. iphionoides methanolic extract at concentration 100 mg/k.g
and 200 mg/k.g significantly decrease the production of Glutathione
peroxidase enzyme respectively as concentration increase compared
with negative groups and have similar effect as positive control.

The current study aims to investigate the effect of V. iphionoides
methanolic extract as ant-inflammatory in LPS induced mice by
reducing the concentration of pro-inflammatory cytokines TNF-alpha
and IL lbeta and reducing the oxidative stress in vivo by decrease the
concentrations of antioxidant enzyme such as catalase and glutathione
peroxidase.
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Figure 1: Effect of V. iphionoides methanolic extract on the
expression on TNF alpha concentration. The result represents
the concentration of TNF after 24h exposure to LPS in negative
group then treated with ascorbic acid in positive control group
and treated with 100, 200 mg/k.g of V. iphionoides methanolic
extract respectively. *: p<0.05, ** p<0.01, ***: p<0.001 LPS
group compared to normal group, +: p<0.05, ++ p<0.01, +++:;
p<0.001 compared to LPS group.
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Figure 2: Effect of V.a iphionoides methanolic extract on the
expression on IL1 beta concentration. The result represents the
concentration of IL1 beta after 24h exposure to LPS in negative
group then treated with ascorbic acid in positive control group
and treated with 100, 200 mg/k.g of V. iphionoides methanolic
extract respectively. *: p<0.05, ** p<0.01, ***: p<0.001 LPS
group compared to normal group, +: p<0.05, ++ p<0.01, +++:
p<0.001 compared to LPS group.
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Figure 3: Effect of V.iphionoides methanolic extract on the
expression on catalase enzyme concentration. The result
represents the concentration of catalase enzyme after 24h
exposure to LPS in negative group then treated with ascorbic
acid in positive control group and treated with 100, 200 mg/k.g
of V. iphionoides methanolic extract respectively. *: p<0.05, **
p<0.01, ***: p<0.001 LPS group compared to normal group, +:
p<0.05, ++ p<0.01, +++:p<0.001 compared to LPS group.
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The results of the current study demonstrated that the V. iphionoides
methanolic extract acts as anti-inflammatory by reducing the
concentrations of pro-inflammatory TNF and IL 1 beta and reducing the
concentrations of antioxidant enzyme catalase and glutathione
peroxidase comparing with negative group which treated by LPS and
similar to positive control group which treated with ascorbic acids and
the higher concentration (1/5 LD50) of V. iphionoides methanolic
extract is more effective as anti-inflammatory in reducing pro-
inflammatory mediators level and antioxidant enzyme level than 1/10
of the LD50. LPS, a bacterial endotoxin, was able to activate immune
cells and cause them to release pro-inflammatory cytokines.*® As a
result, we used LPS in this study and did not measure the level of pro-
inflammatory mediators and antioxidant enzymes in response to V.
iphionoides methanolic extract only without LPS because we wanted to
see if V. iphionoides methanolic extract could have an anti-
inflammatory effect by reducing pro-inflammatory mediators and
oxidative stress caused by LPS. The LD50 of the V. iphionoides plant
clearly indicated that the V. iphionoides methanolic extract did not
causes any death or toxicity during experiment at any concentration
used in the experiment and we used safe concentration under the LD50
(1/10 and 1/5 of LD50). Therefore, we can hypothesis that the anti-
inflammatory effect of V. iphionoides methanolic extract against the
significant increase of pro-inflammatory levels induced by LPS could
be resulted by modulation of inflammatory pathways. TNF- and IL-1
are commonly pro-inflammatory mediators produced by various
immune cells and act in the promotion and progression of the
inflammatory process, but when expressed and released in high levels,
these mediators have a direct effect on the progression and formation of
multiple inflammatory and immunological disorders.®® Pro-
inflammatory inhibitors are chemically synthesized medications that are
often used to treat inflammatory disease. These treatments have some
negative effects, including an increased risk of infection, heart failure
and heart difficulties, neuropathy disease, and autoimmunity-related
issues. 5 However, researchers are making major efforts to produce and
develop novel anti-pro-inflammatory medications from medicinal plant
components that interfere with pro-inflammatory production that are
safer, less toxic, and more useful. Novel inhibitors or blockers may
prove to be an alternative for treating inflammatory and immunological
disorders. in current study V. iphionoides methanolic extract acts as pro
inflammatory inhibitors by decreasing the level of TNF-o and IL-1
comparing with LPS treated groups. The results of the current study are
in accordance with the results by Justino.5? who provided that V.
iphionoides methanolic extract acts as anti-inflammatory by reducing
the concentrations of pro-inflammatory IL-6 comparing with LPS
treated group. We believe that the inhibition activity of V. iphionoides
methanolic extract and its ability to lower the levels of pro-
inflammatory mediators TNF-o and IL 1 can be attributed to one of the
following mechanisms: inhibiting TNF-o binding to specific receptors,
lowering the activation of transcriptional factors that reduce pro-
inflammatory mediator production at the gene level, lowering the
activation signaling cascade that is responsible for pro-inflammatory
mediator production, or a combination of these mechanisms.

Because ascorbic acid is one of the key supplements that promote the
activity of the immune system by enhancing T-lymphocyte proliferation
in response to inflammation and increasing immunoglobulin production
from B-lymphocytes, it was employed as an anti-inflammatory positive
control in this investigation. Many previous studies found that in many
illnesses linked with chronic inflammation and oxidative stress,
ascorbic acid levels are depleted when compared to healthy controls.?
Increased intracellular oxidative stress mechanisms and antioxidant
enzyme levels in tissues, such as superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GPx), are caused by the
inflammatory process, which leads to the development and causes of
many inflammatory diseases and cancers.> In this study, V. iphionoides
methanolic extract behaves as an anti-inflammatory by reducing
oxidative stress in mice serum by acting as a scavenger and reducing
the level of antioxidant enzyme catalase (CAT) and glutathione
peroxidase (GPx). These results agreement with Yoshinari et al.,
(2013).%° reported that the natural products suppress the oxidative stress
and inflammatory process. Phenolic compounds, which have been
discovered as one of the primary phytochemicals in V. iphionoides, have
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been shown to minimize oxidative stress by acting as one of the main
antioxidants, stabilizing cell membranes and reducing lipid
peroxidation. They can either directly trap and remove free radicals or
scavenge them through a sequence of interactions.>® Phenolic acids and

Ethical Clearance
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Mutah University, Jordan, and all experiments were carried out in accordance
with the guidelines established by the FIOCRUZ Committee of Ethics for the

flavonoids are also among the most physiologically active antioxidant
phytochemicals found in V. iphionoides, owing to their important
functions in the protection of illnesses caused by increased oxidative

Use of Animals (CEUA LW16/14).

stress.>” Flavonoid molecules serve as free radical scavengers through References
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Figure 4: Effect of V. iphionoides methanolic extract on the
expression on Glutathione peroxidase enzyme concentration.
The result represents the concentration iphionoides methanolic
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Conclusion

V. iphionoides have antibacterial activity against several bacterial
strains, also it showed an antioxidant and anti-inflammatory activity.

Conflict of Interest

The authors declare no conflict of interest.

Authors’ Declaration

The authors hereby declare that the work presented in this article is
original and that any liability for claims relating to the content of this
article will be borne by them.

10.

11.

12.

13.

14.

15.

16.

17.

Njonge FK. Ethnobotanical study of anthelmintic and other
medicinal plants traditionally used in Loitoktok district of
Kenya. J Ethnopharmacol. 2011; 135(1):15-21.

Pereira RF, Bartolo PJ. Traditional therapies for skin wound
healing. Adv wound care. 2016;5(5):208-229.

Ferri M, Ranucci E, Romagnoli P, Giaccone V.
Antimicrobial resistance: A global emerging threat to public
health systems. Crit Rev Food Sci Nutr. 2017; 57(13):2857-
2876.

Khleifat KM. Biodegradation of phenol by Actinobacillus
sp.: Mathematical interpretation and effect of some growth
conditions. Bioremediat J. 2007; 11(3):103-112.

Alsarayreh AZ, AttalahOran S, Mutie Shakhanbeh J,. In vitro
and in vivo wound healing activities of Globularia arabica
leaf methanolic extract in diabetic rats. J Cosmet Dermatol.
2021; 9:13-23.

Chang H-Y, Sheu M-J, Yang C-H, . Analgesic effects and the
mechanisms of anti-inflammation of hispolon in mice. Evidence-
Based Complement Altern Med. 2011;2011.

Alsarayreh AZ, Oran SA, Shakhanbeh JM. Evaluation of anti-
inflammatory activity of methanol extract of Rhus Coriaria L. In
diabetic rats. Trop J Nat Prod Res. 2021; 5(8):1409-1413.

Al Qaisi YT, Khleifat KM, Alfarrayeh Il, Alsarayreh AZ. In
Vivo Therapeutic Effect of Some Medicinal Plants’ Methanolic
Extracts on the Growth and Development of Secondary Hydatid
Cyst Infection. Acta Parasitol. Published online 2022:1-14.
Alfarrayeh I, Aloshoush A, Ahmad A, Al Qaisi Y. Survey of
medicinal plants sold in local markets in Ghor As-Safi, Southern
Jordan. Med Plants-International J Phytomedicines Relat Ind.
2022;14(2):340-343.

Al-Soub A, Khleifat K, Al-Tarawneh A, . Silver nanoparticles
biosynthesis using an airborne fungal isolate, Aspergillus flavus:
optimization, characterization and antibacterial activity. Iran J
Microbiol. 2022;14(4):518-528.

Khleifat KM, Matar SA, Jaafreh M, Qaralleh H, Al-limoun
M O, Alsharafa KY. Essential Oil of Centaurea damascena
Aerial Parts, Antibacterial and Synergistic Effect. J. of
Essential Oil Bearing Plants. 2019; 22(2):356-367.
Al-Tawarah NM, Qaralleh H, Khlaifat AM,. Anticancer and
Antibacterial Properties of Verthemia Iphionides Essential
Oil/Silver Nanoparticles. Biomed Pharmacol J. 2020;
13(3):1175-1184.

Khleifat K, Algaraleh M, Al-limoun M,. The ability of
rhizopus stolonifer MR11 to biosynthesize silver
nanoparticles in response to various culture media
components and optimization of process parameters required
at each stage of biosynthesis. J Ecol Eng. 2022; 23(8):89-100.
Alsarayreh AZ, Oran SA, Shakhanbeh JM,. Efficacy of
methanolic extracts of some medicinal plants on wound
healing in diabetic rats. Heliyon. Published online
2022:¢10071.

Gorelick J, Kitron A, Pen S, Rosenzweig T, Madar Z. Anti-
diabetic  activity of Chiliadenus iphionoides. J
Ethnopharmacol. 2011; 137(3):1245-1249.

Kasabri V, Abu-Dahab R, Afifi FU, Naffa R, Majdalawi L,
Shawash H. In vitro effects of Geranium graveolens,
Sarcopoterium spinosum and Varthemia iphionoides extracts
on pancreatic MIN6 proliferation and insulin secretion and
on extrapancreatic glucose diffusion. Int J Diabetes Dev
Ctries. 2013; 33(3):170-177.

Budovsky A, Shteinberg A, Maor H,. Uncovering the
geroprotective potential of medicinal plants from the Judea

2112

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Trop J Nat Prod Res, January 2023; 7(1):2107-2114

region of Israel. Rejuvenation Res. 2014; 17(2):134-139.
Khleifat KM, Abboud MM, Al-Mustafa AH. Effect of
Vitreoscilla hemoglobin gene (vgb) and metabolic inhibitors
on cadmium uptake by the heterologous host Enterobacter
aerogenes. Process Biochem. 2006; 41(4):930-934.
Alsarayreh AZ, Oran SA, Shakhanbeh JM. Effect of Rhus
coriaria L. methanolic fruit extract on wound healing in
diabetic and non-diabetic rats. J Cosmet Dermatol. Published
online 2021.

Alzoreky NS, Nakahara K. Antibacterial activity of extracts
from some edible plants commonly consumed in Asia. IntJ
Food Micrabiol. 2003; 80(3):223-230.

Khleifat KM, Tarawneh KA, Ali Wedyan M, Al-Tarawneh
AA, Al Sharafa K. Growth Kkinetics and toxicity of
Enterobacter cloacae grown on linear alkylbenzene sulfonate
as sole carbon source. Curr Microbiol. 2008; 57(4):364-370.
Khleifat KM, Sharaf EF, Al-limoun MO. Biodegradation of
2-chlorobenzoic acid by Enterobacter cloacae: Growth
kinetics and effect of growth conditions. Bioremediat J.
2015; 19(3):207-217.

Qaralleh H, Khleifat KM, Al-Limoun MO, Alzedaneen FY,
Al-Tawarah N. Antibacterial and synergistic effect of
biosynthesized silver nanoparticles using the fungi
Tritirachium oryzae W5H with essential oil of Centaurea
damascena to enhance conventional antibiotics activity. Adv
Nat Sci Nanosci Nanotechnol. 2019;10(2):25016.
Gabriel-Ajobiewe R, Ifesan BOT, Ayoko OM. Comparison
of the antioxidant and phytochemical properties of
dawadawa (sub-sahara Africa condiment) from Mucuna
pruriens L. and Parkia biglobosa Jacg. under control
condition. J Microbiol Biotechnol Food Sci. 2021; 2021:705-
710.

Wu Y, Ding Y, Tanaka Y, Zhang W. Risk factors
contributing to type 2 diabetes and recent advances in the
treatment and prevention. Int J Med Sci. 2014; 11(11):1185.
Ramakrishnan MA, Muthuchelvan D. Influence of Reed-
Muench median dose calculation method in virology in the
millennium. Nature. 2018; 8:9633.

Chograni H, Riahi L, Zaouali Y, Boussaid M. Polyphenols,
flavonoids, antioxidant activity in leaves and flowers of T
unisian G lobularia alypum L.(G lobulariaceae). Afr J Ecol.
2013; 51(2):343-347.

Dellavalle PD, Cabrera A, Alem D, Larrafiaga P, Ferreira F,
Dalla Rizza M. Antifungal activity of medicinal plant
extracts against phytopathogenic fungus Alternaria spp. Chil
J Agric Res. 2011; 71(2):231-241.

Al Qaisi YT, Khleifat KM, Oran SA,. Ruta graveolens,
Peganum harmala, and Citrullus colocynthis methanolic
extracts have in vitro protoscolocidal effects and act against
bacteria isolated from echinococcal hydatid cyst fluid. Arch
Microbiol. 2022; 204(4):1-13.

Alsarayreh AZ, AttalahOran S, Mutie Shakhanbeh J. In vitro
and in vivo wound healing activities of Globularia arabica
leaf methanolic extract in diabetic rats. J Cosmet Dermatol.
https://doi.org/10.1093/jbcr/irac089

Angioni A, Barra A, Coroneo V, Dessi S, Cabras P. Chemical
composition, seasonal variability, and antifungal activity of
Lavandula stoechas L. ssp. stoechas essential oils from
stem/leaves and flowers. J Agric Food Chem. 2006;
54(12):4364-4370.

Masadeh MM, Alkofahi AS, Tumah HN, Mhaidat NM,
Alzoubi KH. Antibacterial activity of some medicinal plants
grown in Jordan. Pak J Pharm Sci. 2013; 26(2):267-271.
Afifi FU, Al-Khalil S, Abdul-Haq BK,. Antifungal
flavonoids from Varthemia iphionoides. Phyther Res. 1991;
5(4):173-175.

Abu-Romman SM, Haddad MA, Al-Hadid KJ. The potential
allelopathic effects of Varthemia iphionoides and the
identification of phenolic allelochemicals. Jordan J Biol Sci.
2015; 147(3388):1-6.

Gupta VK, Verma S, Gupta S,. Membrane-damaging

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

potential of natural L-(—)-usnic acid in Staphylococcus
aureus. Eur J Clin Microbiol Infect Dis. 2012; 31(12):3375-
3383.

Tsuchiya H, linuma M. Reduction of membrane fluidity by
antibacterial sophoraflavanone G isolated from Sophora
exigua. Phytomedicine. 2000;7 (2):161-165.

Al-Dabbas MM, Suganuma T, Kitahara K, Hou D-X, Fujii
M. Cytotoxic, antioxidant and antibacterial activities of
Varthemia iphionoides Boiss. extracts. J Ethnopharmacol.
2006; 108(2):287-293.

Solérzano-Santos F, Miranda-Novales MG. Essential oils
from aromatic herbs as antimicrobial agents. Curr Opin
Biotechnol. 2012; 23(2):136-141.

Weydert CJ, Cullen JJ. Measurement of superoxide
dismutase, catalase and glutathione peroxidase in cultured
cells and tissue. Nat Protoc. 2010; 5(1):51-66.

Liao J-C, Deng J-S, Chiu C-S,. Anti-inflammatory activities
of Cinnamomum cassia constituents in vitro and in vivo.
Evidence-Based Complement Altern Med. 2012;2012.
Beagley J, Guariguata L, Weil C, Motala AA. Global
estimates of undiagnosed diabetes in adults. Diabetes Res
Clin Pract. 2014; 103(2):150-160.

Fernandez-Ortufio D, Pérez-Garcia A, Lépez-Ruiz F,
Romero D, De Vicente A, Torés JA. Occurrence and
distribution of resistance to Qol fungicides in populations of
Podosphaera fusca in south central Spain. Eur J Plant Pathol.
2006; 115(2):215-222.

Mallinckrodt CH, Prakash A, Houston JP, Swindle R, Detke
MJ, Fava M. Differential antidepressant symptom efficacy:
placebo-controlled comparisons of duloxetine and SSRIs
(fluoxetine, paroxetine, escitalopram). Neuropsychobiology.
2007; 56(2-3):73-85.

Subedi L, Cho K, Park YU, Choi HJ, Kim SY. Sulforaphane-
enriched broccoli sprouts pretreated by pulsed electric fields
reduces neuroinflammation and ameliorates scopolamine-
induced amnesia in mouse brain through its antioxidant
ability via Nrf2-HO-1 activation. Oxid Med Cell Longev.
2019;2019.

Cai Y, Luo Q, Sun M, Corke H. Antioxidant activity and
phenolic compounds of 112 traditional Chinese medicinal
plants associated with anticancer. Life Sci. 2004,
74(17):2157-2184.

Khleifat K, Abboud M, Al-Shamayleh W, Jiries A, Tarawneh
K. Effect of chlorination treatment on gram negative
bacterial composition of recycled wastewater. Pak J Biol Sci.
2006; 9:1660-1668.

Abdelhalim AR, Al-Munawarah AM. Pharmacological
Properties and Chemical Constituents of Chiliadenus
iphionoides (Syn. Varthemia iphionoides): A Review. Eur J
Med Plants. 2020; 31:84-97.

Gasparetto JC, Martins CAF, Hayashi SS, Otuky MF,
Pontarolo R. Ethnobotanical and scientific aspects of Malva
sylvestris L.: a millennial herbal medicine. J Pharm
Pharmacol. 2012; 64(2):172-189.

Cattaneo A, Cattane N, Galluzzi S,. Association of brain
amyloidosis with pro-inflammatory gut bacterial taxa and
peripheral inflammation markers in cognitively impaired
elderly. Neurobiol Aging. 2017; 49:60-68.

Lanzillo R, Moccia M, Russo CV,. Therapeutic lag in
reducing disability progression in relapsing-remitting
multiple sclerosis: 8-year follow-up of two randomized add-
on ftrials with atorvastatin. Mult Scler Relat Disord. 2019;
28:193-196.

Horowitz RI, Freeman PR. Precision medicine: The role of
the MSIDS model in defining, diagnosing, and treating
chronic Lyme disease/post treatment Lyme disease
syndrome and other chronic illness: Part 2. In: Healthcare.
Vol 6. Multidisciplinary Digital Publishing Institute;
2018:129.

Justino PFC, Franco AX, Pontier-Bres R,. Modulation of 5-
fluorouracil activation of toll-like/MyD88/NF-kB/MAPK

2113

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



53.

54.

55.

56.

Trop J Nat Prod Res, January 2023; 7(1):2107-2114

pathway by Saccharomyces boulardii CNCM 1-745
probiotic. Cytokine. 2020; 125:154791.

Sorice A, Guerriero E, Capone F, Colonna G, Castello G,
Costantini S. Ascorbic acid: its role in immune system and
chronic inflammation diseases. Mini Rev Med Chem. 2014;
14(5):444-452.

Huang C, Becker MF, Keto JW, Kovar D. Annealing of
nanostructured silver films produced by supersonic
deposition of nanoparticles. J Appl Phys. 2007;
102(5):54308.

Yoshinari O, Takenake A, Igarashi K. Trigonelline
ameliorates oxidative stress in type 2 diabetic Goto-Kakizaki
rats. J Med Food. 2013; 16(1):34-41.

Yeole NB, Sandhya P, Chaudhari PS, Bhujbal PS. Evaluation

57.

58.

59.

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

of Malva sylvestris and Pedalium murex mucilage as
suspending agent. Int J PharmTech Res. 2010; 2(1):385-389.
Dehimat A, Azizi |, Baraggan-Montero V, Khettal B. In vitro
antioxidant and inhibitory potential of leaf extracts of
Varthemia sericea against key enzymes linked to type 2
diabetes. Jordan J Biol Sci. 2021;14(1).

Crasci L, Lauro MR, Puglisi G, Panico A. Natural
antioxidant polyphenols on inflammation management: Anti-
glycation activity vs metalloproteinases inhibition. Crit Rev
Food Sci Nutr. 2018; 58(6):893-904.

Shen J, Griffiths PT, Campbell SJ, Utinger B, Kalberer M,
Paulson SE. Ascorbate oxidation by iron, copper and reactive
oxygen species: review, model development, and derivation
of key rate constants. Sci Rep. 2021; 11(1):1-14.

2114

© 2023 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



