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ABSTRACT

Silver nanoparticles (AgNPs) have been shown to be able to inhibit bacterial growth while presenting a negligible threat to the
development of bacterial resistance and the toxicity of conventional silver compounds to human cells. Various concentrations of R.
graveolens MetOH extract, both by itself and in combination with AgNPs made by Aspergillus flavus, were tested against several clinical
isolates of Gram-positive and Gram-negative bacteria in the current study using disc diffusion methods and minimal inhibitory
concentrations (MIC). Klebsiella pneumoniae, Escherichia coli, Enterobacter cloacae, Pseudomonas aeruginosa, Shigella sp., Staphylococcus aureus,
and Staphylococcus epidermidis were the clinical bacteria types used in this research. Utilizing LC-MS, the chemical profile of the methanol
extract of R. graveolens was investigated. AgNPs were initially identified by the development of a dark brown tint, UV-Vis spectroscopy,
images of TEM, and the ATR-IR analysis. AgNPs and R. graveolens MetOH extract demonstrated synergistic effects on all of the examined
microbes. Despite having the highest sensitivity to both the AgNPs and the R. graveolens MetOH extract when used separately (with
inhibition zones of 16 and 19 mm, respectively), S. aureus has the lowest IFA values (0.10-0.13) when compared to the other bacterial
strains, and no synergistic activity was shown. With a 1.25-fold rise in IFA, AgNPs and the R. graveolens MetOH extract had the strongest
synergistic effect against S. epidermidis. By combining nanoparticles (NPs) with antibiotics or various types of medicinal plant extract,
these results could be used to create and enhance novel antibacterial therapies as cutting-edge medications.
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the word refers to the quality and origin of these molecules [1].

Introduction

It could be three-dimensional particles, fibers with two outer

Nanoparticle is a term, which usually includes the prefix "nano", dimensions, or plates with one outer dimension [2]. The study of

which means its size is 10 of a millimeter. The second part of the properties, structures, and knowledge of nanoparticles is the

subject of nanoscience, one of the most significant ficlds of
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contemporary science. Additionally, how these nanoparticles

Website: www.japer.in E-ISSN: 2249-3379 might be used in all technological and scientific areas [3].

Nanotechnology is used almost everywhere, including in many

academic areas like engineering, pharmacy, and medicine [4]. As
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production of raw materials or using building blocks whose end
products are at the nanoscale [1]. However, according to
Calderén-Jiménez, Johnson, et al. (2017), nanoparticles (NPs)
are groups of atoms that comprise at least one of the three outer
dimensions and range in size from 1 to 100 nanometers [2].
Usually, when compared to their larger peers, nanoparticles
display a variety of distinct physical or chemical properties and
come in various sizes [5]. Numerous industries, including
medicine, cosmetics, pharmaceuticals, green energy, the
polymer industry, environmental treatment, water purification,
and the production of some medical devices, may use the novel
properties discovered at the nanoscale [6]. It is possible to create
nanoparticles using physical, molecular, and biological processes.
The chemical methods can produce nanoparticles in large
amounts and quickly, but they frequently require the use of
materials that are toxic and act as stabilizers and helpers at the
same time. As a result, the byproducts produced by these
methods are not ecologically friendly. While physical methods
are fast because they don't require toxic chemicals to reduce the
radioactive materials, they also have a low production capacity,
require a lot of energy, and can contaminate organic solvents
with nanoparticles of unintended sizes [7-9]. Biosynthesis
through green nanotechnology, which uses biological
(intracellular and extracellular) techniques using bacterial,
fungal, and plant cells or their extracts, is a safe synthetic method
because it is inexpensive, safe, and uses non-toxic chemicals
without the creation of any hazardous byproducts [10]. Metal
nanoparticles display distinct and novel physical and chemical
properties in comparison to their macro-scale counterparts due
to their size and large surface area [11]. One of the most common
metal nanoparticles, silver nanoparticles (AgNPs), has effectively
made its way into a variety of consumer goods, including soaps,
textiles, and plastics [12]. They are also regarded as highly
effective antimicrobial agents with broad-spectrum action against
a variety of pathogenic bacteria and fungi. The biosynthesis,
characterization, and assessment of AgNPs' antibacterial
properties were the main objectives of this research. Therefore,
using disc  diffusion  techniques, these biosynthesized
nanoparticles were examined as an antibacterial agent against
different Gram-negative and Gram-positive bacteria both with

and without the addition of a plant extract of Ruta graveolens.

Materials and Methods

Fungal strain

Dr. Amjad Al-Tarawneh of the Dead Sea Institute for Water and
Energy at Mutah University in Jordan isolated this fungus from
the storage facilities of the Supplies Department. Aspergillus
flavus was the only species that could be determined about the
fungus strain through ITS sequencing (MACROGEN, Korea). In
order to register the sequence in the NCBI database and acquire
the accession number MG973280.1, a sequence similarity

analysis with the NCBI database was first conducted [13].

Biosynthesis of silver nanoparticles (AgNPs)

For the synthesis of silver nanoparticles, the technique described
by Jaidev and Narasimha (2010) was used, with a few small
modifications that will be mentioned as necessary. In a nutshell,
the fungal isolate was grown for 24 hours in a liquid culture
medium with a pH of 7 under aerobic circumstances by
inoculating the medium (100 mL) with 2.0 X 10° spores at 33
and 150 rpm, respectively. Following the extraction of fungal
biomass using Whatmann No. 1 filter paper, the material was
carefully cleaned with sterile and distilled water. Ten grams of
wet biomass were added to 100 milliliters of sterile deionized
water, which was then incubated for 48 hours at 33 °C, pH 7.0,
and 150 rpm. The fungal biomass was then separated from the
suspension using filtration paper to produce the fungal filtrate
(Whitman No. 1). AgNO3 was added to the fungal filtrate (100
milliliters) at a concentration of 1 mM to complete the
biosynthesis process. The filtrate was then kept for a further 24
hours in the dark at a temperature of 33 degrees and a shaking
rate of 150 rpm, or longer if necessary. The pellet of silver
nanoparticles was then vacuum-desiccated after recovery (VWR
1410 Vacuum Oven, USA). The biosynthetic silver nanoparticles
(AgNPs) were first characterized using scanning ultraviolet-
visible (UV/VIS) radiation in the 280—-800 nm wavelength range.
TEM images of the size, distribution, and shape of the created
AgNPs were taken. The test flask was treated in the same manner
but did not contain any AgNO3. Using a Bruker Alpha FTIR
spectrometer, functional groups important for AgNP stability,
such as proteins, have been identified (Bruker Optics GmbH,
Ettlingen, Germany) [13].

Preparation of bacterial suspension

The growth medium was created in accordance with Laboratory
Standards Institute guidelines [14]. A single bacterial colony was
chosen and grown overnight at 37 °C in sterile 5 ml (NB)
nutrient broth. Using sterile NB broth, the rate of bacterial
growth was fixed at 0.5 McFarland Standard, and the final
absorbance was 0.1 at 600 nm. The Al Bashir Hospital provided
the clinical bacterial samples (Amman, Jordan). Escherichia coli,
Klebsiella pneumonia, E. cloacae, Shigella sp., Pseudomonas
acruginosa, Staphylococcus —aureus, and  Staphylococcus
epidermidis were among the bacterial types examined. Using
BIOMERIEUX VITEK® 2, all isolates' IDs were verified [15-
17].

Preparing the extracts of R. graveolens

R. graveolens' fresh acrial parts were cleaned, dried, and
powdered in a mixer. 100 grams of the desiccated plant were
soaked in 1000 ml of methanol (1:10 w/v) at room temperature
for 72 hours with constant shaking. Following filtering, the
extract was low-pressure, 45 °C-dried in a rotary evaporator. At
-20 °C, the produced extract was stored. The following equation

was used to determine the yield rate:
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Yield % = (wt. of dry extract / wt. of dry parts before
extraction) x 100%. Finally, the stock solution was made by
dissolving 500 mg/mL of the dried crude extract by using 30%
DMSO (dimethyl sulfoxide). A series of dilutions were prepared
for obtaining concentrations of 2.5, 5, 7.5, and 10 mg/mL.

LC=MS analysis of R. graveolens composition

Liquid chromatography-mass spectrometry was used to examine
the R. graveolens composition LC—MS). A 0.1 percent (v/v)
formic acid in water was used as solvent A, and 0.1 percent (v/v)
formic acid in acetonitrile was used as solvent B, for the following
gradient: 5 percent B for 5 minutes, 5-100 percent B in 15
minutes, and 100 percent for 5 minutes. This HPLC separation
was carried out at a flow rate of 0.5 ml/min. The Agilent Zorbax
Eclipse XDB-C18 column (2.1 150 mm 3.5 um) was utilized.
The oven temperature was 25 °C, and the sample injection
volume was 11 (18 mg/mL in methanol). Using a positive-ion
mode Shimadzu LC-MS 8030 equipped with an electrospray ion
mass spectrometer, the eluent was scanned from 100 to 1000
m/z with a secondary scan from 50 to 100 m/z MRM mode (ESI-
MS). A 125V fragment piece and a 65 V skimmer were used for
the ESI. Using a flow rate of 10 L/min, a nebulizer pressure of
45, and a capillary temperature of 350 C, high-purity nitrogen
(99.999%) was employed as the drying gas. Parallel applications
of a formic acid blank at 0.1 percent were made. A sample was
injected into the mass detector using the Shimadzu CBM-20A
system controller, the LC-30AD pump, the SIL-30AC

autosampler with cooler, and the CTO-30 column oven.

Antibacterial activities of R.  graveolens

MetOH extract and AgNPs solution

Diffusion assays were carried out in Mueller Hinton Agar
containing Petri dishes. Ready-made 6-mm paper disc diffusion
tests were performed for the R. graveolens MetOH extract [18].
Discs placed on the agar surface were impregnated with 2.5, 5,
7.5,and 10 mg/ml R. graveolens MetOH extract. For the AgNPs
solution, discs placed on the agar surface were impregnated with
different concentrations of 0.125, 0.25, 0.375, 0.5, 1, and 1.5
mg/ml. After 24 h, the potential zone of inhibition for AgNP
doses and R. graveolens MetOH extract concentration against all

bacterial samples were monitored and calculated.

MIC assays

MIC is the lowest concentration of the substance needed to kill

bacteria. Dilutions were prepared from a DMSO- R. graveolens

MetOH extracts stock solution with 500 mg/ml R. graveolens
MetOH extract concentration to obtain 0.5, 1, 1.5, 2, 2.5, 5,
7.5, and 10 mg/ml R. graveolens MetOH extract concentration.
For AgNPs solution, a series of volumes were made to obtain
0.025, 0.05, 0.075, 0.1, 0.125, 0.25, 0.375, 0.5, 1, and 1.5
mg/ml AgNPs concentration from a stock solution of 25 mg/ml
AgNPs concentration. After 24 h, the zone of inhibition of each
sample was monitored and calculated. Determination of synergy

between AgNPs and R. graveolens MetOH extract.

Determination of synerqy between AgNPs

and R. graveolens MetOH extract

In the synergy experiments using disc diffusion, ready-made discs
were used. Before determining the concentrations that were
used in the synergistic experiments, 2.5, 5, 7.5, and 10 mg/ml
R. graveolens MetOH extract and 0.125,0.25,0.375, 0.5, 1, and
1.5 mg/ml of AgNPs were used on each disc to be tested against
seven bacterial species mentioned above. For studies on the
synergy of combination between the two substances, each tested
disc contained 2.5 mg/ml of R. graveolens MetOH extract, and
0.125, 0.25, 0.375, 0.5 mg/ml of AgNPs solution were used
together [19, 20]. The synergistic effect was evaluated by using

IFA unit increases [21].
IFA = B2-A?/ A? (1)

Where A and B are the zones of inhibition (mm) produced by
only R. graveolens MetOH extract or a combination of R.
graveolens MetOH extract with AgNPs. When the inhibition
value was zero, then the diameter of the disc was considered 6

mm for calculation purposes.

Results and Discussion

In this study, the potential for combining the R. graveolens
MetOH extract with biologically produced silver nanoparticles
by the isolated air-born fungus Aspergillus flavus was examined.
The fungus filtrate's intense dark brown color first showed 24
hours after AgNO3 was added (Figure 1). They were able to
produce silver nanoparticles in vitro due to the extracellular
release of several fungus enzymes and the ease with which they
maintained their efficacy. Nanoparticles' TEM images show that
they are spherical and range in size from 10 to 45 nm (Figure
2). It has still not been possible to fully understand how fungi
produce AgNP.
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Figure 1. Formation of dark brown color
fungal filtrate that appeared after 24 h of the

and UV-Vis spectroscopy of the
addition of AgNO:s.
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Figure 2. TEM micrograph of silver nanoparticles synthesized by the reaction of

1.0 mM silver nitrate with the fungal filtrate.

Analysis of the ATR-IR spectrum

The ATR-FTIR spectra, shown in Figure 3, showed significant
peaks at 1011, 1375, 1437, 1516, 1623, and 2401 cm'', as well
as a somewhat flat peak at about 3228 cm. The big peak
between 3228 cm-1 and 2827 cm™ is caused by the vibrational

resonant frequency of hydrogen-containing bonds such as C-H,

Magnification 100,000x.

O-H, and N-H. The COO- group is stretched in both a
symmetrical and an asymmetrical manner, as evidenced by the
significant absorption intensity values at the peaks at 1623, 1516,
and 1081 cm™. The groups of amino and aminomethyl stretch of

the protein are the sole stretch group peaks in the spectrum at
1375 cm™.
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Figure 3. Silver nanoparticles made biologically were examined using ATR-IR.
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Antibacterial effect of AgNPs and R

graveolens MetOH extract

The antibacterial activities were examined using the agar disc
diffusion assay on Mueller-Hinton agar against the Gram-positive
bacteria Staphylococcus aureus and Staphylococcus epidermidis as well
as the Gram-negative bacteria Escherichia coli, Klebsiella pneumonia,
E. cloacae, Shigella sp., and Pseudomonas aeruginosa. Each bacterial
strain was dispersed evenly all over the surface of the agar after
being adjusted to include 10° CFU/mL in the initial 100 UL
inoculum. After that, AgNPs doses of 0.125, 0.25, 0.375, 0.5,
1, and 1.5 mg/mL were added to 6 mm diameter discs, and they
were then incubated at 37°C for 24 hours. 100 mL of
streptomycin solution was inoculated as a positive control using
the same concentrations, and 100 UL of deionized water was used
as a negative control. After a 24-hour incubation period, the
inhibition zones were assessed. The assays were carried out three
times.

The diameter of the inhibition zones created by AgNPs against
different tested pathogenic bacteria was measured. The findings
demonstrated that all concentrations of silver nanoparticles
utilized had anti-bacterial effects for all bacteria tested and that
these effects gradually increased with concentration. At a dosage
of 0.125 mg/ml of AgNPs, Escherichia coli, Klebsiella pneumonia,
E. cloacae, Shigella sp., Pseudomonas aeruginosa, Staphylococcus
aureus, and Staphylococcus epidermidis were all inhibited, with
inhibition zones measuring 7 to 9 mm. The inhibition zone of
these bacteria ranged between 10 and 24 mm when using the

higher AgNPs concentration (1.5 mg/ml).

Synergistic effects against K. pneumonia

Even though every dose of AgNPs that was tested has shown
antibacterial activity against all bacterial strains (Table 1), the
lowest R. graveolens MetOH extract concentration utilized in
synergistic tests was 2.5 mg/ml, and the AgNPs concentrations
employed in combination with it were 0.125, 0.25, 0.375, and
0.5 mg/ml (Table 1). IFA values of 0.36, 0.33, 0.31, and 0.14
were obtained when 0.125, 0.25, 0.375, and 0.5 mg/mL of
AgNPs were combined with 2.5 mg/mL of R. graveolens MetOH
extract, respectively. This combination exhibited a synergistic
effect against K. pneumoniae and was more effective than either
one alone (Table 2). AgNPs or R. graveolens MetOH extract
have quite distinct mechanisms of action, regardless of whether
they are administered singly or in combination. The impact
discovered in this investigation was the result of an interaction
between AgNPs and MetOH extract.

Synerqistic effects against E. coli
When AgNPs and R. graveolens MetOH extract were mixed,

significant changes in the synergistic effects against E. coli were
observed (Tables 1-3). When different quantities of AgNPs
(0.125, 0.25, 0.375, and 0.5 mg/ml) were combined with 2.5

mg/mL of R. graveolens MetOH extract, there were increases in

IFA of 0.036, 0.33, 0.14, and 0.13, demonstrating the AgNPs'
substantial synergy. The E. coli inhibitory zones were 9, 10, 11,
12, 13, and 14 mm when AgNPs were used alone and at
concentrations of 0.125, 0.25, 0.375, 0.5, 1, and 1.5 mg/ml,
respectively (Table 1). In the presence of 2.5 mg/mL of R.
graveolens MetOH  extract, 0.25 mg/ml of AgNPs showed
substantial effects (IFAs of 0.33) when used against E. coli (Table

2).

Synergistic effects against E. cloacae

AgNPs had a substantial synergistic antibacterial effect against E.
cloacae and ranged from 0.13 to 0.33 IFA when coupled with R.
graveolens MetOH extract (Tables 1-3). The concentration of
0.125 mg/mL AgNPs with 0.33 IFA produced the strongest

meaningful effects.

Synergistic effects against S. aureus and S.

epidermidis

All AgNPs and R. graveolens MetOH extract doses used in this
study resulted in extraordinarily high sensitivity of the
Staphylococcus aureus bacterial strain (Tables 1-3). The IFA
ranged from 0.10 to 0.13, and the synergistic result was slightly
better when the two drugs were administered together than
when they were used separately. The bacterial strain S.
epidermidis exhibited the opposite outcomes when combined with
2.5 mg/ml of R. graveolens MetOH extract concentration, with
IFA ranging from 0.19 at 0.125 mg/ml to 1.25 at 0.5 mg/ml
AgNPs concentration (Tables 1-3). Our in vitro research
revealed, among other things, that S. epidermidis cells, unlike S.
aureus, had established their sensitivity to all AgNP
concentrations and MetOH extract from R. graveolens, both
separately and in combination. The combined use of R. graveolens
MetOH extract and data clearly showed a significant reduction

in the required concentration of AgNPs.

Synerqistic effects against Shigella sp.

Shigella species' inhibitory zones by various concentrations of
AgNPs were revealed in a concentration-dependent way (Table
1). When the same bacteria were exposed to an R. graveolens
MetOH extract, the same behavior occurred to them, and the
strength of the inhibition was influenced by the extract's
concentration (Table 2). When different AgNP doses were
combined with 2.5 mg/ml of R. graveolens MetOH extract, the
inhibition zones were increased as indicated by an increase in the
fold area of inhibition (IFA), which ranged from 0.21 to 0.86
(Table 3).

Synergistic effects against P. aeruginosa

P. aeruginosa was cytotoxic to every one of the AgNP doses used
in the experiment, with inhibition zones between 7 and 10 mm.

The inhibition zones ranged from 7 to 24 mm, and all of the
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tested bacteria (K. pneumonia, E. coli, E. cloacae, S. aureus, S.
epidermidis, Shigella sp., and P. aeruginosa) were susceptible to it to
varied degrees (Table 1). These variations in the sensitivity of
gram-positive and gram-negative bacteria to nanoparticles may
result from these differences in the cell surfaces of these bacteria
[22, 23]. The activity of the AgNPs (such as antimicrobial
efficacy) depends on their specific surface areas.

Investigators have looked into the naturally occurring AgNPs

derived from fungi and their antibacterial properties. When

AgNPs and R. graveolens MetOH extract were combined, the
antimicrobial efficacy against P. aeruginosa was enhanced (Table
3). The IFA of the synergistic findings were 0.25, 0.22, 0.72,
and 0.21, respectively, for AgNP concentrations of 0.125, 0.25,
0.375, and 0.5 mg/ml (Table 2).

However, the mixture of various AgNP doses and 2.5 mg/ml of
R. graveolens MetOH extract showed acceptable susceptibility to
P. aeruginosa, with considerable inhibitory zones between 19 and

22 mm.

Table 1. Antimicrobial activity of AgNPs and MeOH extract of R. graveolens (mg/ml) against the different tested bacterial

species.
Inhibition zone (mm)
Conc. of AgNPs (mg/ml)
K. pneumoniae E. coli E. clocae S. aureus S. epidermidis Shigella sp P. aeruginosa
0.125 9 9 9 9 8 9 7
0.25 10 10 10 11 9 11 8
0.375 11 11 12 12 11 12 8
0.5 13 12 13 19 12 14 8
1 14 13 16 22 14 15 9
1.5 17 14 20 24 15 18 10
Conc. of MeOH extract of R. graveolens Inhibition zone (mm)
(mg/ml) K. pneumoniae E. coli E. clocae S. aureus S. epidermidis Shigella sp P. aeruginosa
2.5 12 12 13 16 11 10 17
5 13 13 15 18 12 11 19
7.5 14 15 16 19 12 11 19
10 15 16 16 21 12 12 20

Table 2. The synergistic antimicrobial effect of different concentrations of AgNPs combined with 2.5 mg/ml concentration of

Ruta graveolens MetOH extract against the different tested bacterial species.

K.

Conc. of Conc. of MeOH extract . E. coli E. clocae S. aureus §. epidermidis Shigella sp P. aeruginosa

AgNPs of R. graveolens pneumonidae
(mg/ml) (mg/ml) 1Z2* IFA 1z IFA 1Z IFA 1z IFA 12z IFA 1z IFA 17 IFA
0.125 2.5 14 0.36 14 036 15 0.33 17 0.13 12 0.19 11 0.21 19 0.25
0.25 2.5 15 0.33 15 0.33 17 0.28 19 0.11 15 0.56 12 0.19 21 0.22
0.375 2.5 16 0.31 16 0.14 17 0.13 20 0.11 17 1.0 15 0.86 22 0.72
0.5 2.5 16 0.14 17 0.13 17 0.13 22 0.10 18 1.25 15 0.56 22 0.21

*IZ: inhibition zone

Minimum inhibitory concentration (MIC)

The results of minimum inhibitory concentration (MIC) showed
that R. graveolens MetOH extract and AgNPs have antibacterial
activity against E. coli, E. cloacae, Shigella sp., Pseudomonas
aeruginosa, S. epidermidis, S.aureus, and K.pneumoniae with MIC
values ranging from 0.5 to 2.5 mg/ml, and from 0.025 to >
0.125 mg/ml, respectively. The materials showed different
levels of antimicrobial activity depending on the tested species as
shown in Table 3. All of the bacterial strains responded to both
R. graveolens MetOH extract and AgNPs with the same trend.

Table 3. Minimum inhibition zone of different bacterial

strains caused by R. graveolens MetOH extract and

AgNPs.
Bacteria MIC by R. graveolens MIC by AgNPs
name MetOH extract (mg/ml) (mg/ml)

E. coli 2.5 0.075

E. cloacae 1 0.025
Shigella sp. 2 0.075
P. aeruginosa 2.5 >0.125

S. epidermidis 1.5 0.05

S. aureus 2.5 0.10
K. pneumoniae 0.5 0.025
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Chemical composition of R. graveolens

using LC-MS

Utilizing LCMS, the active components found in the R. graveolens
methanolic aerial parts extract were identified. Table 4 provides
asummary of the R. graveolens extract's general chemical profiles,
percentage contents of the various components, retention
indices, molecular formula, molecular weight, and chemical class

distribution of the crude extract constituents. Rutin, which

makes up 13.7% of the 25 components listed in Table 4, is the
main component in R. graveolens. In the methanolic extract of R.
graveolens, quercetin ranks second in abundance with a 9.3%
concentration, followed by isoquinoline with a 6.9%
concentration, methoxy-psoralen with a 6.8% concentration,
and procyanidin with a 6.3% concentration. Other constituents
were present in varying amounts, as shown in the table. These
findings imply the presence of possible chemicals in R. graveolens
extract that may aid in the chemotherapeutic or adjuvant

treatment of various illnesses.

Table 4. R. graveolens methanolic extract's chemical components as determined using LC-MS/MS.

No Chemical Compound Molecular formula Molecular weight Retention indices R.T %
1. Catechin CisH14O06 290.27 25.31 1.4
2. Ellagic acid Cy4HsOs 302.19 25.67 1.3
3. Quercetin CisH1007 302.24 25.79 9.3
4. Coumarins CioH 1604 308.33 26.21 1.05
5. Linamarin CioH7NOg 247.24 20.80 3.1
6. Morphine Ci7H1sN O3 285.34 2491 3.7
7. 2-undecanone C,H,,O 170.29 11.85 1.3
8. 2-methyl-undecanal C,H,,0 184.32 13.58 1.4
9. 2-dodecanone C;,H», O 184.32 13.60 4.7
10. 2-nonanol CoH,0 144.25 9.42 1.3
11. Cis-Piperitenone epoxide CioH 40, 166.22 10.92 1.4
12. Psoralen C1HsO3 186.16 13.86 4.7
13. Angelicin Ci1HsO5 186.16 13.89 4.2
14. 2-Heptanol acetate CyH,¢Br,0, 316.03 26.97 1.4
15. Procyanidin C30H»603 594.52 30.91 6.3
16. Rutin Cy»H30016 610.52 31.00 13.7
17. Digoxin C41HesO1s 780.94 31.60 1.1
18. 1-dodecanol CiHyO 186.33 14.10 1.2
19. Acridone C3sHoNO 195.22 15.90 4.7
20. Flavan CisHi.O 210.27 18.92 3.2
21. Methoxypsoralen C,HgOy4 216.19 20.15 6.8
22, Pyrrolizidine C7H13N 111.18 6.12 3.5
23. Indole CsH;N 117.15 7.17 4.2
24. Tropane CsHisN 125.21 7.87 5.5
25. Isoquinoline CoH7N 129.16 8.12 6.9

Specialized Jordanian medicinal plants from the Mediterranean
region exhibit several types of adaptation through the
development of bioactive components [24]. R. graveolens is one of
the most important plants used in Jordanian traditional medicine
due to its medicinal, pharmacological, and curative
characteristics [25]. One of the leading causes of death in the
healthcare industry is infectious diseases, which are also on the
rise. Despite the abundance of medications on the market,
recently found multidrug-resistant (MDR) bacteria render them

ineffective against them, necessitating the development of new

treatments, which takes time, money, and effort. Because of the
excessive use of antibiotics, MDR bacteria have developed, and
their growth and spread are extremely important. Due to
treatments for antimicrobial resistance based on nanotechnology,
clinicians and patients now have the opportunity to address the
issue of rising drug resistance [26]. Microorganisms, particularly
fungi, produce silver nanoparticles more cheaply, effectively,
and securely than chemical and physical processes [27]. Several
commercially available antibiotic discs have previously been

discovered to work effectively with a variety of plant extracts,
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and the potential introduction of novel treatment modalities has
promoted the success of these partnerships [19, 20].

Primary diagnostic techniques revealed that 24 hours after adding
AgNO3, the fungal filtrate's dark brown color began to develop.
The extracellular release of multiple fungal enzymes and the ease
with which they retained their efficacy allowed them to create
silver nanoparticles in vitro [28]. Nanoparticles' TEM
image shows that they are spherical and range in size from 5 to
35 nm. AgNP is produced by fungi, however, the specific
mechanism is yet unclear. Significant peaks were visible in the
ATRFTIR spectra at 1011, 1375, 1437, 1516, 1623, and 2401
cm-1 as well as a somewhat flat peak at about 3228 cm-1. The
vibrational resonant frequency of hydrogen-containing bonds like
C-H, O-H, and N-H is what causes the large peak between 3228
cm-1 and 2827 cm-1. The considerable absorption intensity
values at the peaks at 1623, 1516, and 1081 cm-1 show that the
COO- the group is stretched both symmetrically and
asymmetrically. The protein's amino and aminomethyl stretch
groups had the only peaks at 1375 cm-1 in the spectrum.
However, prior studies have shown that the nitrate reductases
dependent NADH, which seems to be crucial components in the
synthesis of AgNPs, are required for the nitrate reduction process
[27].

At all concentrations of silver nanoparticles, all tested bacteria
had anti-bacterial actions, and these effects grew stronger with
increasing concentration. At a concentration of 0.125 mg/ml of
AgNPs, Escherichia coli, Klebsiella pneumonia, E. cloacae, Shigella sp.,
Pseudomonas aeruginosa, Staphylococcus aureus, and Staphylococcus
epidermidis were all inhibited with inhibition zones varying from
7 to 9 mm. The inhibition zones of all the bacteria ranged from
10 to 24 mm when using the maximal AgNPs concentration of
1.5 mg/mL. R. graveolens is one medicinal plant that has been
particularly well-documented for its therapeutic benefits, which
include the treatment of inflammatory disorders, eczema, ulcers,
and arthritis [29]. In contrast to S. aureus, S. epidermidis cells
showed sensitivity to all AgNP concentrations and MetOH
extract from R. graveolens, both individually and in combination,
according to this study. For all of the studied bacterial strains, as
previously reported [30]. The combined use of R. graveolens
MetOH extract and data clearly showed a significant reduction
in the required concentration of AgNPs. Our results support
research indicating that R. graveolens leaf extract, either alone or
in combination with AgNPs, is functionally acceptable for
application to animal cells and has potential use as antibacterial,
insecticidal, and immunomodulatory effects [31-33].

These variations in the sensitivity of gram-positive and gram-
negative bacteria to nanoparticles may result from these
differences in the cell surfaces of these bacteria [22]. The activity
of the AgNPs (such as antimicrobial efficacy) depends on their
specific surface areas. The efficacy of nanoparticles increases with
the increase of its surface area as a reason for the increase in
surface energy [34]. According to their large surface areas and its
highly reactive components, AgNPs are highly toxic to
microorganisms [35]. Investigators have looked into the naturally

occurring AgNPs derived from fungi and their antibacterial

properties. When AgNPs and R. graveolens MetOH extract were
combined, the antimicrobial efficacy against P. aeruginosa was
enhanced. For AgNPs concentrations of 0.125, 0.25, 0.375, and
0.5 mg/ml, the IFA of the synergistic results were 0.25, 0.22,
0.72, and 0.21, respectively.

The presence of significant inhibitory zones measuring 19 to 22
mm indicated that P. aeruginosa was susceptible to the
combination of various dosages of AgNP and 2.5 mg/mL of R.
graveolens MetOH extract. P. aeruginosa was observed to be highly
impacted by the synergistic activity of these two components, in
contrast to other bacterial species studied P. aeruginosa responded
to AgNPs more favorably than E. coli, as was previously noted
[36]. These findings are in line with recent research
demonstrating that the mechanisms of action of medications,
when taken in combination, might occasionally differ
significantly from those of the same treatments when taken
separately [37]. There is an inverse relationship between the of
AgNPs, their bactericidal action, and the type of bacteria.
Different bacterial species react differently to AgNPs [38]. It has
been demonstrated that silver nanoparticles kill S. aureus more
effectively than E. coli and S. epidermis, likely due to differences
in the cell walls and membranes of the bacteria [39, 40].

The results of minimum inhibitory concentration (MIC) showed
that R. graveolens MetOH extract and AgNPs have antibacterial
activity against E. coli, E. cloacae, Shigella sp., Pseudomonas
aeruginosa, S. epidermidis, S. aureus, and K. pneumoniae with MIC
values ranging from 0.5 to 2.5 mg/ml, and from 0.025 to >
0.125 mg/ml, respectively. All of the bacterial strains responded
to both R. graveolens MetOH extract and AgNPs with the same
trend. It was clear that K. pneumoniae was the most susceptible
strain to both of them; meanwhile, S. aureus and P. aeruginosa
were the most resistant isolates. This confirms several previous
findings [33] that found that Gram-positive and Gram-negative
bacteria have different susceptibilities to AgNPs. This difference
is possibly due to differences in bacterial membranes and cell

walls [39].

Conclusion

In conclusion, the results of the current study demonstrated that
the investigated plant has different levels of antibacterial
activities. The results of the inhibition zone were following the
values of MICs for the tested plant extract.

The current study's findings showed that 26 components were
found in R. graveolens' methanolic extract and that the plant under
investigation has varying degrees of biological activity depending
on its constituent phytochemicals. R. graveolens has been used to
identify ~ phytochemicals including alkaloids, coumarins,
isoquinoline, terpenoids, methoxy-psoralen, volatile
compounds, rutin, furoquinolines, and flavonoids. An earlier
investigation into the phytochemical composition of several
solvent extracts of R. graveolens revealed the presence of
additional classes of molecules, including phenols, glycosides,

phenolic compounds, and cardiac glycolipids [41]. According to
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Hashemi et al. (2011) saponin, tannins, and glycosides are
present [42]. The occurrence of several chemotypes can most
likely be used to explain these chemical distinctions [41]. A
fundamental to understanding the scavenging ability of phenolic
compounds, which reflects their significant potential as
antioxidants, antimicrobials, and antiparasitic agents, is the
existence of several chemotypes containing hydroxyl groups in
phenolic  compounds.  These substances demonstrated
antioxidant, antiparasitic, and antibacterial action against several
bacterial strains [41]. When the tested extract was compared to
available data on the oil content of other R. graveolens samples,
the chemical composition of the tested extract significantly
changed, and several quantitative and qualitative discrepancies
were revealed [42]. The occurrence of several chemotypes can
most likely be used to explain these chemical distinctions [43].
Different chemotypes of phenolic compounds with hydroxyl
groups are key to understanding their scavenging capacity, which
reflects their significant potential as antioxidants, antimicrobials,

and anti-parasitic agents [41].
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