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Abstract:

This research focuses on exploring the therapeutic potential of sulfur
nanoparticles (sulfur NPs) synthesized from Proteus mirabilis (P. mirabilis)
extract against Staphylococcus aureus (S. aureus), a pathogen implicated in
skin infections. The study identified significant inhibitory effects of these
nanoparticles on biofilm-producing and multidrug-resistant S. aureus isolates
(A5, A8, A9, All, and A29), with minimum inhibitory concentrations
ranging from 16 to 32 pg/mL. While the study found no statistically
significant differences in inhibition rates across various nanoparticle
concentrations (p=0.842), there was a notable increase in anti-biofilm activity
with higher concentrations (p<0.05). For instance, at 1024 pg/mL, the
inhibition rate was approximately 93.1%, compared to 5.2% at 2 pg/mL
(p=0.0001). These findings underscore the promising antimicrobial efficacy
of sulfur NPs derived from P. mirabilis in combating drug-resistant S. aureus
infections and biofilm formation commonly associated with dermatitis.

Keywords:, Staphylococcus aureus ,sulfur nanoparticles, antimicrobial,
antibiofilm, Proteus mirabilis.
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1.Introduction

S. aureus species are the most opportunistic pathogenic bacterial species,
can cause various infections in patients with immune compromised or
immune competent. The Nasal cavity of human is the major habitat for this
species, but it also presents in the oral cavity, on the skin, inside skin
glands,and in the gastrointestinal tract (Cheung GYC 2021, 12). Antibiotic
resistance in S. aureus isolates is a common occurrence, making S. aureus
infections particularly troublesome. Methicillin-resistant S. aureus (MRSA)
Is the most significant clinically (Idrees M 2021, 18; Hussain SS 2017, 10).
Unlike several other bacterial pathogens, which frequently depend on just one
or a few toxins to cause illness, S. aureus generates an incredible variety of
virulence factors. These comprise a wide range of protein and non-protein
components that facilitate host colonisation during infection, as well as an
abundance of poisons and immune evasion mechanisms. Since S. aureus was
identified as a significant pathogen at the end of the 19th century, there has
always been a great deal of interest in its virulence. However, recent
advancements have prompted further research into the processes behind S.
aureus virulence (Cheung GYC 2021, 12).
Nanoparticle-based therapeutic treatment has emerged as a promising
alternative strategy for combating S. aureus and its biofilm. Studies have
shown that sulfur NPs possess significant bioactivity against various
pathogenic bacteria, including S. aureus (Kim YH 2020, 144). Apart from
their antimicrobial properties, these nanoparticles exhibit a wide range of
biological activities, including anticancer and antioxidant effects.
Furthermore, these sulfur nanoparticles can eliminate harmful reactive
oxygen species (ROS) (Priyadarshi R 2022, 20).
Bacterial biofilms are embedded in an extracellular matrix employing distinct
gene expression patterns. Chronic infections with a complicated resistance to
both immune defences and antibiotics are caused by biofilms. As a result,
biofilm infections present more difficult removal problems
(Ali AM, Abdallah 2022, 33).
Various techniques have been employed for the production of sulfur NPs thus
far. However, these methods have limitations, such as being energy-intensive
and involving complex, time-consuming, and potentially hazardous
procedures. To overcome or mitigate these challenges, there is a need for
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advancements in nanotechnology to enhance existing synthetic approaches.
Nanoparticle biosynthesis can take place either intracellularly or
extracellularly. However, extracellular methods are generally preferred
because intracellular biosynthesis requires additional steps, such as cell lysis,
extraction, and purification of the produced nanoparticles (Mahdi SA 2021,
52). Pathogenic bacteria, including P. mirabilis, can biosynthesize
nanoparticles in vitro. No previous studies have reported the biosynthesis of
sulfur NPs by P. mirabilis. Consequently, this study represents the first
report demonstrating the ability of P. mirabilis to produce sulfur NPs under
the aforementioned conditions. Although specific information regarding the
interaction of P. mirabilis with sulfur compounds and nanoparticle formation
Is lacking, several studies have identified P. mirabilis as a proficient producer
of nanoparticles. For instance, Karthick and their teammates successfully
biosynthesized silver nanoparticles using P.mirabilis (Karthick K 2013, 5),
while Wang and their teammates demonstrated the bacterium's capacity to
produce selenium nanoparticles (Wang Y 2018, 19).
Thus, the recent work aimed to investigate the process of synthesizing sulfur
NPs using the bacterium P. mirabilis and understanding their structural
properties, in addition to evaluation of its potential antimicrobial effects on
pathogenic bacteria, S. aureus.
2.Materials and Methods
2.1. Bacterial isolates

The five isolates of multi-drug resistant, biofilm-producing S. aureus were
obtained from patients with skin infections at Yarmouk Teaching Hospital
and Al-Kindi Teaching Hospital. Additionally, a single isolate of P. mirabilis
was identified using different examinations.
2.2. Biosynthesis of sulfur NPs using P. mirabilis

To prepare a supernatant of P. mirabilis, a nutritional broth medium was
used. An orbital shaker was used to incubate the culture flasks at 37 degrees
Celsius while they were stirred at 220rpm. After 24hrs of growth, the
biomass was collected and centrifuged at a speed of 10000 rpm for 15min.
The material that was taken from the supernatant was going to be used in the
subsequent process that would produce Sulfur NPs (Karthick K 2013, 5;
Jubran AS 2020, 11).
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Following the references (Al Banna LS 2020, 6; Khairan K, Jalil Z 2019, 12),
the preparation process was conducted as follows: 250 ml of deionized water
were mixed with 10 g of sodium thiosulfate (Na,S,03.5H,0) using a
magnetic stirrer for one hour. Then, 40 ml of freshly prepared P. mirabilis
bacterial solution was added to the mixture and stirred for an additional two
hours. To facilitate the production of sulfur NPs, hydrochloric acid (12 ml /
300 ml of deionized water) was added after achieving full homogeneity. The
precipitate was subsequently washed with ethanol and distilled water before
being separated by centrifugation. Finally, the sample was heated at 50°C for
and dried in a hot air oven.

2.3. Characterization of biosynthesized sulfur NPs

Various technologies were employed to characterize sulfur NPs including
UV-visible spectroscopy analysis, field emission scanning electron
microscope (FE-SEM) analysis, energy dispersive X-ray spectroscopy (EDS)
analysis, X-ray diffraction (XRD) analysis, transmission electron microscopy
(TEM) analysis, and Fourier Transform Infrared (FTIR) analysis.

2.4. Antibacterial activities of sulfur NPs.

The antibacterial effects of sulfur NPs were investigated using the agar
well diffusion method against multidrug-resistant (MDR) bacteria and
biofilm-forming S. aureus isolates obtained from skin infections. Five fresh
colonies of S. aureus were suspended in 5 milliliters of Brain Heart Infusion
Broth (BHIB) and incubated for 18 hours at 37°C. To achieve an optical
density corresponding to the 0.5 McFarland criteria (1.5 x 108 cells/ml), the
turbidity of the grown culture was adjusted using sterilized broth. The
suspensions were then applied to sterile cotton swabs and used to streak the
entire surface of Mueller Hinton Agar trays. Three wells were made in each
dish using a sterile cork, and each well was filled with 150 pl of sulfur NPs at
three different concentrations (100, 200, and 300 pg/ml). The Petri dishes
were incubated at 37°C for 24 hours. The diameter of the growth inhibition
zones, measured in millimeters, was used to assess the antibacterial effect
(Vahdati M, Tohidi M 2020, 10).
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2.5 Minimum Inhibitory Concentration (MIC) analysis of sulfur NPs.

The minimum inhibitory concentrations (MIC) of sulfur NPs were
determined using the microtiter plate method. Serial dilutions of sulfur NPs
(1024, 512, 256, 128, 64, 32, 16, 8, 4, and 2 ug/ml) were prepared using 100
ul of Mueller Hinton broth as the diluent. The microtiter plate wells were set
up as follows: the negative control wells contained 200 ul of Mueller Hinton
broth only, the positive control wells contained Mueller Hinton broth and 10
Hl of bacterial suspension without sulfur NPs, and in well(2) contained 100 pl
of a high concentration of nano-sulfur was withdrawn and added. All wells
from 2 to 11 received a 10 pl bacterial suspension of S. aureus corresponding
to the McFarland standard no. 0.5 (1.5 x 108 CFU/ml). The microtiter plates
were then incubated at 37°C for 18 to 20 hours. To detect color changes, 30
ul of Resazurin dye was added to each well and incubated for two hours. The
MIC of the sulfur NPs was determined based on the color shift from blue to
pink in the Resazurin dye broth experiment. The sub-MIC values were
visually assessed by observing any color changes in the broth microdilutions
(Ohikhena FU 2017, 2017).

2.6 Anti-biofilm effect by sulfur NPs.

The in vitro antibiofilm activity was assessed using the 96-well microtiter
plate method. The first well of the microtiter plate was filled with 100 pL of
BHIB medium containing 1% sucrose and 100 puL of biosynthesized sulfur
NPs. Dilutions of the sulfur NPs were prepared at various concentrations
(1024, 512, 256, 128, 64, 32, 16, 8, 4, and 2 pg/ml). To assess the growth of
biofilm by bacteria and the inhibitory effect of sulfur NPs on biofilm
formation, 100 pL of the diluted concentration was added to each well of the
microtiter plate, with the last well serving as a control. Then, 10 uL of
overnight-cultivated isolated S. aureus bacteria were added to each well. The
microtiter plates were incubated at 37 °C for 24 hours. To remove free-
floating "planktonic™ bacteria, the contents of each well were aspirated and
washed three times with 0.2 mL of phosphate-buffered saline (PBS, pH 7.2).
The biofilms formed by adherent bacteria on the walls of the plate were fixed
with 2% wi/v sodium acetate and stained with 0.1% w/v crystal violet dye.
Excess stain was washed off with sterile deionized water, and the plates were
allowed to dry. After drying, 200 pL of 95% v/v ethanol were added to the
wells (Shakibaie M 2019, 6). The optical densities (OD) were measured using
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an ELISA reader set at 570 nm to assess bacterial attachment to the wells and
biofilm formation. The measurements were performed three times to ensure
accuracy and consistency. The OD values indicated the extent of biofilm
formation. To calculate the percentage of bacterial biofilm inhibition by
sulfur NPs concentration, the following equation incorporating the OD values
was utilized (Barapatre A 2016, 3):
% biofilm inhibition =
[1— (0D of cells treated with SNPs /0D of non — treated control) x 100]
3. Results and Discussion
3.1. Biosynthesis of sulfur NPs using extract of P. mirabilis

The extract for P. mirabilis which was employed in the biosynthesis of
sulfur NPs, displayed extracellular biosynthesis after adding extract to
sodium thiosulfate as a base material under previously adjusted conditions,
including pH 7 and extract concentration, utilizing cell free supernatant for
extract. The color shift of the reaction mixture into yellowish white.
There was no study reported to biosynthesize sulfur NPs by pathogenic
bacterial species. Hence, this study was the first study reported that
pathogenic P. mirabilis extract was showed its ability to produce sulfur NPs
under previously mentioned conditions. In terms of interaction with sulfur
compounds and nanoparticle formation, there isn’t specific information
available about P. mirabilis producing sulfur NPs. However, P. mirabilis
extract has been identified as good nanoparticles' producer in several studies.
(Karthick K 2013, 5) reported biosynthesis of silver nanoparticles were
prepared from P.mirabilis extract, whereas this bacterium also show its
potential to produce Selenium nanoparticle, as conducted by
(Wang Y 2018, 19).
3.2. Characterization of sulfur NPs
3.2.1. UV-visible spectroscopy analysis
UV-vis spectroscopy is a crucial technique to ascertain the stability and
formation of sulfur NPs. Figure (1) showed that the peak of sulfur NPs at
200nm, which indicating the successful formation of sulfur NPs
(Paralikar P, Rai M 2018, 12).
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Figure (1): UV-visible spectra of sulfur NPs.
3.2.2. Transmission electron microscopy (TEM) analysis
Figures (2,A) showed the TEM image of sulfur NPs, whereas it is
noticeable

that the shape of the nanoparticles is spherical or semi-spherical, with the size
less than 100 nm. This again confirms the formation of the particles in
nanoscale. There are some particles tended to agglomerate, where have size
slightly larger than 100 nm, this may be due to the presence of the protein
that surrounds the nanoparticles. Form both SEM and TEM figures; we can
say sulfur has a tends agglomeration (Suleiman M 2015, 6).
3.2.3 Field Emission Scanning Electron Microscope (FE-SEM) analysis
The FE-SEM images of the sulfur NPs represented in Figure (2,B). The
Images indicate that nanoparticles prepared via suggested method are almost
spherical in shape and uniform size with an average diameter almost 30.70
nm. The sulfur crystals agglomerate, creating an irregular appearance of
nanoparticles.
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3.2.4. Energy Dispersive (EDS) X-Ray spectroscopy analysis

Energy Dispersive Spectroscopy was used to quantify the presence of NPs
by observing the optical absorption peaks of elements. Elemental analysis
exhibited the percentage of elements constituent of sulfur and Oxygen as
shown in insert figure (3, A). In addition, the appearance of Au element is to
the supports used on the substrate during the measurement. The results
confirm the formation of sulfur and there are no other impurities.
3.25 X-ray diffraction (XRD) analysis

Figure (3, B) display XRD diffraction of sulfur NPs that prepared by P.
mirabilis extract. It observed presence the main peaks of sulfur according to
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standard sulfur particle diffraction pattern (JCPD). Table (1) summary of
results XRD diffraction (Suleiman M 2015, 6).
3.2.6 Fourier Transform Infrared analysis (FTIR)

Figure (3,C) shows the FTIR spectra which display strong absorption
bands at 3435 cm™ could be ascribed to the stretching absorption band
hydroxyl (—OH) stretching H-bonded phenols. The peaks at 2925 and 2854
cm-1 could be assigned to the asymmetric and symmetric stretching of~CH,
and -CHs; functional groups of aliphatic. The peak at 1642 cm-1 is
characteristic of amide carbonyl group in amide | and amide II. C-N stretch
of aromatic amines and carboxylic acids gives rise to band at 1379 cm-1. The
peak at 1118 cm-1 is due to the vibration mode of C-O. 647 cm-1 can be
assigned to bending modes of aromatic and weak peak at 471 due to bond
sulfur NPs (Salem NM 2016, 8).
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Figure (3): A) EDS, B) XRD and C) FTIR of sulfur NPs synthesized by
P. mirabilis extract.
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Table (1) summary of results XRD diffraction .

Sample 2Theta D FWHM C.S HKI
(deg) (A) (deg) (nm)

15.74 5.73 0.15 53.60 113

22.14 3.91 0.15 54.10 220

sulfur 23.39 3.84 0.14 57.43 222

nanoparticles 31.74 2.84 0.16 51.74 044

34.54 2.62 0.14 59.56 400

37.39 2.42 0.20 42.03 422

42.84 2.14 0.18 47.51 319

47.99 1.90 0.24 36.30 515

51.46 1.75 0.16 55.2 266

3.3 Antibacterial Activity of sulfur NPs

The study showed that sulfur NPs synthesized by extract of P. mirabilis
has an inhibitory growth effect against five biofilm producers and MDR
bacterial isolates of S. aureus (A5, A8, A9, All and A29). The agar well
diffusion method was primary method which used for detecting the
antibacterial activity of sulfur NPs with different concentrations (100, 200
and 300 pg/ml). sulfur NPs exhibited antimicrobial activity against examined
bacteria with inhibition zone ranged between 14 to 18, 15 to 20 and 18 to 25
mm at 100, 200 and 300 pg/ml, respectively. The largest inhibition zone of
sulfur NPs was (25 mm) against S. aureus A5 by a concentration of 300
ug/ml, whereas the lowest inhibition zone was (14 mm) against S. aureus A8,
A9 and A1l at the concentration of 100 pg/ml, as shown in figure (4:A,B).
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Figure (4):A) The antimicrobial activity of sulfur NPs biosynthesized by
P. mirabilis extract against five isolate of S. aureus .B) Isolate (A9) in
Mueller-Hinton agar under concentration of (1: 100 pg/ml; 2: 200
pug/ml; 3: 300 pg/ml).

The antimicrobial activities of sulfur NPs synthesized using the
aforementioned extracts were found to be dependent on their concentration.
The effectiveness of sulfur NPs increased as their concentration increased,
consistent with the findings of (Niranjan R 2022, 12).The assessment of
antimicrobial activity of sulfur NPs is influenced by critical factors. For
instance, the rate of diffusion and bioavailability of nanoparticles in different
media, such as broth and agar, may vary for different organisms, as
highlighted by (Suleiman M 2015, 6). The scientific community is striving to
develop successful alternatives to current antibiotics that are facing resistance
issues, as well as effective new drugs to complement antibiotics, given the
growing problem of multidrug resistance (MDR). Nanoparticles are being
explored as a potential alternative to antibiotics, with the potential to address
the issue of bacterial MDR (Morone et al., 2022). The findings of this study
are in agreement with those of (Paralikar P, Rai M 2018, 12), who reported a
continuous decrease in the slope of bacterial growth curves with increasing
nanoparticle concentration (50, 100, 150, and 200 pg/ml). They observed that
sulfur NPs started inhibiting the growth of E. coli and S. aureus at
concentrations around 150-200 pg/ml. At a concentration of 200 pg/ml,
sulfur NPs exhibited bactericidal activity against both test organisms. It was
also noted that in the absence of sulfur NPs, the optical density (OD)
increased, indicating an increase in bacterial growth. This suggests that at
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lower concentrations of sulfur NPs, bacterial growth was delayed, while at
higher concentrations, growth was completely inhibited. In a study conducted
by Saedi et al. (Saedi S 2020, 13), sulfur NPs demonstrated good
antimicrobial activity against S. aureus, with inhibition zone sizes ranging
between 13.0 to 14.7 mm. Suleiman et al. reported significant antibacterial
activity of sulfur NPs (5.47 pg/ml) against Gram-positive bacteria (S. aureus)
with 5.7 nm, but no activity against Gram-negative bacteria (E. coli and P.
aeruginosa), even at a high concentration of 800 ug/ml . They explained that
the outer membrane of Gram-negative bacteria provides protection, acting as
a barrier that restricts or prevents the penetration of sulfur NPs into bacterial
cells and may promote self-aggregation between nanoparticles (Suleiman M
2015, 6). The antimicrobial properties of several metal nanoparticles have
been extensively studied, including their mechanisms of action. Possible
mechanisms may involve the strong interaction of sulfur NPs (which are
negatively charged) with target molecules such as enzymes and proteins on
the cell surface, leading to the formation of pits and leakage of cellular
components. It is also hypothesized that sulfur NPs, like silver nanoparticles,
generate sulfur ions that subsequently form toxic H2S, which interacts with -
SH groups, induces oxidative stress, and denatures proteins and lipids.
Another possibility is the formation of H2S through the reduction of sulfur
NPs by unknown molecules like NADH. Additionally, there is a potential for
sulfur NPs to interact with DNA, leading to its destruction and cell death (Rai
M 2016, 14).
3.4 Determination of minimum inhibitory concentration of sulfur NPs
Different concentrations, including 1024, 512, 256, 128, 64, 32, 16, 8, 4
and 2 pg/mL, of sulfur NPs, were utilized in this step. The results illustrated
that the MIC of sulfur NPs was 16 pg/mL of isolates of S. aureus A5, A8 and
A29, while their sub-MIC was 8 pg/mL. Also, the MIC of sulfur NPs was 32
pug/mL for isolates of S. aureus A9 and All, while their sub-MIC was 16
pug/mL, as shown in table (2) and figure (5).
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Table (2): The results of MIC and sub-MIC of sulfur NPs.

S. NPs MIC S. NPs Sub-

S.NPs extract S. aureus Isolates (ug/mL) MIC (ug/mL)
A5 16 8
A8 16 8
P. mirabilis A9 32 16
All 32 16
A29 16 8

biosynthesized using bacterial extract of P. mirabilis.

3.5.  Anti-Biofilm Activity of sulfur NPs

Only five strong-biofilm producers and MDR bacterial isolates of S.
aureus (A5, A8, A9, A1l and A29) were used to assess the ability of sulfur
NPs as anti-biofilm agent to inhibit biofilm. Relying on previous research
(Babapour E 2016, 6; Sultan AM, Nabiel Y, 2019, 20) was calculate the
biofilm formation and biofilm development was categorized as strong,
moderate, or non/weak. The results of statistical analysis in the table (3) show
no significant differences (p>0.05) in inhibition rate of all strain isolates (A5,
A8, A9, All and A29) for all concentrations of sulfur NPs with p=0.842.
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Furthermore, the effects of different concentrations of sulfur NPs indicated
that same isolates to significant (p<0.05) increase in inhibition rate (activity
as antibiofilm) proportional with elevated of sulfur NPs concentrations,
whereas was the meant SE inhibition rate at 1024 ug/ml from P. mirabilis
was about 93.1+0.8 %, when compared with decreased sulfur NPs
concentrations at 2 ug/ml, which was about 5.2+1.2 %, with p=0.0001,
respectively. The antibiofilm effectiveness results differ depending on the
bacterial strains.

Table (3): Anti-biofilm activity of sulfur NPs against S. aureus isolates.

ihiti 0, ilh 0, -
S NPs Concentrati Inhibition % (killing rate %) P
synthesis on A2 A8 | A5 Al A9 Mean vaLu
9 1 +SE | e
93. [92. 195. [94. [90. |93.1+0.
1024 8 o |o [3 |5 |8
91. [89. |82. [83. |85. |86.4+1.
ot 5 |6 [1 |6 |1 |8
84. [80. |76. |74. | 76. | 78.2+1.
= 238 0o |5 |o |3 [2 |8
3 - 72. [70. [70. |65. |46. |65.2+4.
= 3 |8 |9 |5 |4 |8
o 69. |67. |69. |35. |32. |[54.8+8.
5 EE 4 (1 |2 |2 |9 |5 gﬁ;‘
% - 34. |66. |37. |32. |18. | 37.8+7.
Z 3 |2 |6 |3 |5 |8
3 - 30. |37. [34. |24. |13. | 28.0+4.
3 9 (4 |6 |0 |3 |3
. 20. [19. |23. [13. |10. [17.7+2.
3 |19 (6 |9 |9 |3
4 8.9 %3' él' 40 |5.4 |8.6+1.8
2 59 (83 (7.3 |28 [2.0 [5.2+1.2
p-value * 0.0001*

Biofilms provide

an advantageous environment for bacteria, offering

protection against the host's immune system, displaying resistance to
antimicrobial agents, and facilitating resource distribution within the
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microbial population. These characteristics make biofilm bacteria more
challenging to treat compared to planktonic cells (Fulaz S 2019, 27). Sulfur
NPs have demonstrated inhibitory effects on the formation of biofilms by S.
aureus, a bacterium commonly associated with various human infections.
The unique properties of sulfur NPs, including their small size, large surface
area, and chemical reactivity, contribute to their effectiveness in inhibiting
biofilm formation (Lahiri D 2021, 12). Studies have shown that sulfur NPs
can inhibit S. aureus biofilm formation over a 48-hour period, while they do
not exhibit inhibitory effects on P. aeruginosa biofilm formation (Dop RA
2023, 15). The interactions between nanoparticles and biofilms can be
described through three sequential mechanisms: the transport of NPs to the
biofilm-fluid interface, attachment to the outer region of the biofilm surface,
and migration within the biofilm (Ikuma K 2015, 15). The physicochemical
properties of NPs, such as size, shape, surface charge, hydrophobicity, and
functional groups, influence their interaction with biofilm components, both
in the extracellular polymeric substance (EPS) matrix and on the bacterial
surface (Canesi L, Corsi | 2016, 565). Generally, positively charged NPs are
more likely to interact with EPS substances, which, as a whole, carry a
negative charge (Huangfu X 2019, 219). NPs can alter gene expression
related to biofilm formation, thereby affecting microcolony formation and
biofilm maturation. This suggests that NPs could be utilized for preventing
and treating biofilm-related infections (Hasan A 2018, 563). Hydroxyl
radicals generated by NPs can depolymerize polysaccharides, cause DNA
breaks, and inactivate enzymes, thereby compromising the EPS matrix and
biofilm architecture (Applerot G 2012, 8).

The result confirm the promising antimicrobial properties of sulfur NPs

derived from P.mirabilis extract against multidrug-resistant, biofilm-forming
S.aureus associated with dermatitis. Further research is warranted to clarify
its safety profile and long-term efficacy for clinical applications. This study
opens avenues for exploring natural sources for innovative antimicrobial
solutions in combating antibiotic resistance. The use of P.mirabilis extract for
the synthesis of Sulfur NPs not only represents a major advance in the
development of antimicrobial nanoparticles, but also opens new ways to
harness other bacterial extracts in the synthesis of Sulfur NPs. Moreover, the
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use of bacterial extracts for synthesis sulfur NPs holds promise for cost-
effective nanoparticle manufacturing. Compared to conventional chemical
synthesis methods.
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) palidiug

e beanall 4y il Cuy Sl Cilapead adall KLY Gl e Gl 13 K
Staphylococcus aureus 4xadll 4.0 saiell Ol ) Sall aa Proteus mirabilis (alabiue
s3¢d 3508 Alagie il il A Al Cadas Apalall Gl Ak gl (al ) Ciliss 2al
Lasliall g gl Apie DU daiiadl 4 dl) G0 il @Sl @Y e e Ay gl Clagual)
32 U 16 O o) s Aadia < 3 55 g ((A295 <ALL (A9 <AB (AB) saaail 4y 530
G 3S 5 e Tyl ¥ ama 3 Ailan) AV <l (358 Al yal) a3 A (i B Je/al g2 5 Sae
4323 sl Llall 4k sl 32h ) @iy il (P = 0.842) ddliaall 4 5ilil) Claguad)
Jame S «Jo/pl e s K 1024 32 Jaal duw Lo (p<0.05) (Aol @l S iy 4yl
il o2a S (p=0.0001) Jo/p) 2 5 Ssa 2 2o %5.2 = LJlhe «%93.1 Vo Loyl
Proteus (e 48idall 45 Sl 45l Clapall 3ac )5l Gl ySaall aliaall dladll e
apie S Sally 455000 daglaal) Luadl) A giiall ) KAl (g pae Aa8Sa A mirabilis
Alalh Cleill sale ddagi jall g 4y 5l
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