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Abstract

Aim of work: Silver nanoparticles play a vital role in the development of new antimicrobial substances against a
number of pathogenic microorganisms. Assessment of the antimicrobial activity of biosynthesized silver nanoparticles
(AgNPs) was achieved as an eco-friendly and cost-effective method alternative to complex chemical and physical
techniques. Nanoparticles due to their smaller size could be very effective as they can improve the antibacterial
activity through lysis of bacterial cell wall.

Methods: In the present work evaluation of extracellular biosynthesis of AQNPs by extracellular supernatant
of Acinetobacter baumannii as a reducing agent was studied. Silver nanoparticles were characterized by means
of UV-visible spectroscopy, Fourier Transform Infrared (FTIR), Scanning Electron Microscopy (SEM) and Energy
dispersive X-ray microanalysis (EDX). The synthesized AgNPs were evaluated for their antibacterial activity against
common pharmaceutical contaminants. The standard microorganisms designated for the study of antibacterial
activity were Escherichia coli ATCC 8739, Salmonella typhimurium ATCC 6538, Klebsiella pneumonia ATCC 10031,
Pseudomonas aeruginosa ATCC 15442, Bacillus spizizenii ATCC 6633, Staphylococcus aureus ATCC 6538,
Candida albicans ATCC 10231 and Aspergillus niger ATCC 16404.

Results: FTIR analysis showed possible reducing the silver salt and stabilization of nanoparticles. The AgNPs
surface morphology revealed from SEM images shows a formation of well-dispersed AgNPs of 45-55 nm. When
AgNPs were mixed with hydrogen peroxide disinfectant they displayed strong synergistic antibacterial.

Improvement: Antimicrobial studies confirm the superior ability of biosynthesized silver nanoparticles to inhibit
the growth of bacterial and fungal contaminants and their utilization in various applications particularly as antibacterial
substance in disinfection and preservation to protect against various biomedical, pharmaceutical based activities.

Keywords: Silver nanoparticles, Acinetobacter baumannii, Surface
plasmon resonance, Antimicrobial activity.

Introduction

Nanoscience and nanotechnology are the study and application of
extremely small things and can be used across all the other scientific
fields, such as chemistry, biology, physics, materials science and
engineering conducted at the nanoscale, which is about 1 to 100
nanometers [1]. Nanoparticle having one or more dimensions of the
order of 100 nm or less have attracted considerable attraction due to
their unusual and fascinating properties, with various applications,
over their bulk counterparts. Currently, a large number of physical,
chemical, biological, and hybrid methods are available to synthesize
different types of nanoparticles [2].

Biological nanoparticles are finding important applications in
the field of medicine. The antimicrobial potential of metal based
nanoparticles has led to its incorporation in consume, health related
and industrial products. Our area of interest lies in the biological
synthesis of gold silver nanoparticles [3].

Biosynthesis methods are limited to synthesis of nanoparticles in
small quantities and poor morphology [4].

Silver nanoparticles are nanoparticles of silver of between 1 nm
and 100 nm in size. Silver nanoparticles have unique optical, electrical,
and thermal properties and are being incorporated into products
that range from photovoltaic to biological and chemical sensors
[5]. Silver nanoparticles possess unique properties with numerous
applications such as antimicrobial, anticancer, catalytic, and wound
healing activities. Biogenic syntheses of silver nanoparticles and

their pharmacological and other potential applications are gaining
momentum owing to its assured rewards [6].

Fungi, bacteria, algae, yeasts, and plants have inherent capacities to
reduce metal through their specific metabolic pathway. In fact, some
biomimetic (peptides) procedures are also used. Silver nanoparticles
has been increasing due to their high antimicrobial activity against
bacteria, viruses and eukaryotic microorganisms. Ions are reduced by
enzymes (e.g., reductase) or/and carbonyl groups leading to formation
of metal nuclei, which further grow to frame crystals. Only in one
example, nitrate reductase from the fungus F. oxysporum has been
well documented to catalyze the reduction of silver nitrate to silver
nanoparticles utilizing NADPH as reducing agent [7].

Silver nanoparticles have gained attention because of their
antimicrobial activity which offers the possibility of their use for
medical and hygiene purposes. Indeed, silver nanoparticles in different
formulations and with different shapes and sizes exhibit variable
antimicrobial activity. However, the mechanisms of antimicrobial
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activity of silver ions and silver nanoparticles, and their toxicity to
human tissues are not fully characterized [8].

Silver exhibits low toxicity to mammalian cells and silver has a
lower propensity to induce microbial resistance than many other
antimicrobial materials. Silver nanoparticles have a high activity
against a wide range of microbial pathogens (Gram-positive and
Gram-negative bacteria, fungi, viruses, protozoa as well as multidrug
resistance microorganisms) and, as opposed to ions, retain a longer a
biological usage [9].

Silver nanoparticles that continuously release a low level of silver
ions to provide protection against bacteria. The silver content has to be
high enough to inhibit the growth of bacteria cells (minimal inhibitory
concentration, MIC) or kill 99.9% of them (minimal bactericidal
concentration, MBC). Silver nanoparticles have prolonged activity;
thanks to this, they are much better for use as a medical factor than
silver ions. However, the risk of such a mechanism decreases the
sensitivity of the microorganism [10].

Multi resistance to antibiotics is a serious and disseminated clinical
problem, common to several new compounds that block the resistance
mechanism. The AgNPs could be evaluated as antimicrobial agents for
potential use as a barrier control of hospital acquired infections.

Materials and Methods
Materials

Silver nitrate (AgNO,), anhydrous sodium di-hydrogen phosphate,
di-sodium hydrogen phosphate. Tryptic Soya Broth (TSB), R2A Agar
and Mueller-Hinton agar media were procured from Merck Pathogenic
bacteria: Escherichia coli ATCC 8739, Salmonella typhimurium ATCC
6538, Klebsiella pneumonia ATCC 10031, Pseudomonas aerugenosa
ATCC 15442, Bacillus spizizenii ATCC 6633, Staphylococcus aureus
ATCC 6538, Candida albicans ATCC 10231 and Aspergillus niger
ATCC 16404.

Sample Collection

Sample locations: Samples were taken from representative
different classes and locations in pharmaceutical facility including:

1. Area Class A (the highest grade of cleanliness): Microbiology
laboratory laminar air flow units.

2. Area Class C (intermediate measure of cleanliness): Syrup dosage
form preparation area, soft gelatin area.

3. Area Class D (low measure of cleanliness): Solid dosage form
preparation areas.

Sample collection: Air sampler was placed in the center of each
room at a height of approximately 1 meter above the floor. One
thousand liters of air sampling were obtained by Merck Mass 100
centrifugal sampler. The Tryptic soya agar plates (TSA) were incubated
for 48 hours at 30°C - 35°C and then for 72 hours at 20°C - 25°C.
After incubation, the colonies were counted and recorded in specific
protocols [11].

Swab samples were collected by removing a sterile swab from
a sterile tube, moistening it by inserting it into a second tube which
contained a sponge soaked with sterile 1.5 ml of phosphate buffered
saline (PBS) at pH 7.2. The selected surface was swabbed by moving the
swab back and forth across the surface with several horizontal strokes,
then several vertical strokes. The swab was rotated during sampling to
ensure that the entire surface of the swab was used. After sampling,

the swab was returned to its pre-labeled sampling tube containing
appropriate amount of liquid media [10].

Water Samples were collected from regular sites across the Egyptian
National Organization for Potable Water and Sanitary drainage
(NOPWAYS) in sterile containers. Under unidirectional laboratory
safety cabinet a tenfold dilution was applied with normal saline solution
(NaCl 0.9% w/v), one ml from each diluent was transferred into the
surface of 9 ml sterile Petri dishes, about 70 — 80 ml of melted R2A Agar
media was added at about 40-45°C, gently shacked with plate rotator.
Petri dishes were labeled, inverted and incubated at 30-35°C for 48
hours. By using sterile transfer loop separate colonies were picked up
and transferred into a surface of TSA media in a zigzag pattern, the
petri dish labeled, inverted and incubated at 30-35°C for 48 hours. The
bacterial cells were grown in streaks as single colonies. Separate grown
colonies transferred into TSB media and incubated at 30-35°C for 48
hours. After growth occurred the cell suspensions centrifuged at 1000
rpm for 5 minutes and supernatants were separated in clean containers
and stored in refrigerator at 2-8°C for further examinations [12].

Identification of isolates

Isolates were primarily differentiated by Gram staining then
identified using the VITEK 2 system (Biomerieux) in Chemical Warfare
Institute, the Defense Ministry of Egypt. A. baumannii isolate was used
in the present study to test their ability to biosynthesize of AgNPs [13].

Synthesis of silver nanoparticles

A. baumannii isolate was freshly inoculated in sterile screw caped
bottles containing 100 ml TSB media. The bottles were incubated on
orbital shaker at 30-35°C and agitated at 200 rpm for 24 hours. After
incubation, the cell filtrates were obtained by centrifugation at 1000
rpm for 10 minutes and followed by decantation. From the final
concentration of 50.0 mg/ml AgNO, one ml was added in to 10 ml of cell
filtrate in 20 ml screw capped test tube. The test tubes were incubated in
a dark condition up to 24 hours. The control was maintained without
addition of AgNO, with the experimental bottle containing cell filtrate.
The brown colored solution of was stored in refrigerator for further
characterization and applications [14].

Characterization of silver nanoparticles

AgNPs detection was carried out primarily by visual observation of
color change of the bacterial filtrate after treatment with silver nitrate.
The appearance of dark brown color of bacterial cell filtrate indicates
the formation of AgNPs. Further, one ml of the reaction solutions
were removed after 24 hours and consequently subjected to UV-visible
spectroscopy (Shimadzu UV- 1800) from 300 - 800 nm at regular
intervals. Additional sample was examined by FTIR Spectrophotometer
(Bruker Alpha II) the technique was used in measuring spectra of
functional groups. Scanning Electron Microscopy (SEM) (Hitachi,
model: S-3400N) was applied to observe entrapped AgNPs. Thin film
of the sample were prepared on a carbon coated copper grid by just
dropping a very small amount of the sample on the grid, extra solution
was removed using a blotting paper and then the film on the SEM grid
were allowed to dry by putting it under a mercury lamp for 5 min.
The combination of SEM with energy-dispersive X-ray spectroscopy
(EDX) applied to examine silver powder morphology and conducting
chemical composition analysis [15,16].

Antibacterial and antifungal activities

The antimicrobial activity of synthesized AgNPs were tested
against” Escherichia coli ATCC 8739, Salmonella typhimurium ATCC
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6538, Klebsiella pneumonia ATCC 10031, Pseudomonas aerugenosa
ATCC 15442, Bacillus spizizenii ATCC 6633, Staphylococcus aureus
ATCC 6538, Candida albicans ATCC 10231and Aspergillus niger
ATCC 16404”. The test organisms were suspended in saline solution
and adjusted to match 0.5 McFarland's Standard. Further, by using
sterile swab the culture spread over MullerHinton Agar plates. The
plates were allowed to dry and a sterile cork-borer with diameter of
6.0 mm was used to bore four wells in each agar plate. A 50 uL volume
of Silver Nanoparticles was applied by micropipette in the wells. The
bacterial filtrate without AgNO, served as control. The plates were
allowed to stand for 1h for complete diffusion and incubated at 30-
35°C for 24 hours. Antimicrobial activity was determined by measuring
the inhibition zone around each well for each extract in millimeter
using zone reader; three replicate trials were conducted against each
organism [17].

Statistical analysis

All experiments were carried out in triplicate, and the results were
expressed as the mean. Means, standard deviations (SD) and P-value
in this study was less than 0.05 were analyzed by using the SPSS 18
software.

Results and Discussion

Environmental monitoring samples taken from different
locations in pharmaceutical facility

Surface monitoring: All samples were taken using contact plates
from production area and microbiology laboratory in facility except
sterility test isolator samples were taken by swab technique. Results
were shown in Tables 1 and 2. All samples of class A showed no growth.
All 517 of class C and D showed microbial count.

Visual observation

It is well known that silver nanoparticles exhibit dark brownish
color in aqueous solution due to excitation of surface plasmon
vibrations in silver nanoparticles [18]. As the A. baumannii extract
which mixed with the aqueous solution of the silver nitrate, its color
turned from watery to yellowish brown and finally to dark brown due
to reduction of silver ion (Figures 1-3).

UV-Vis spectra analysis

The confirmation of reduction AgNO, tosilver ions by A. baumannii

Soft

Year Microbiology Sen:ni- Dispensing . Solid Syrup
2017 | laboratory Solid Room Gelatin Area Area
Area Area

Qrt.1 5 10 12 11 15 12
Qrt.2 9 13 12 10 21 17
Qrt.3 10 20 17 10 21 11
Qrt.4 13 14 12 12 47 23
Max. 13 20 17 12 47 23
Table 1: Microbiological monitoring (CFU) of wall surfaces.

Year | Microbiology Ssirl?(i; Dispensing | Soft Gelatin Solid Area Syrup
2017 lab Area Room Area Area
Qrt.1 10 28 25 25 44 36
Qrt.2 31 27 35 23 52 33
Qrt.3 22 29 33 32 61 41
Qrt.4 30 32 27 28 52 35
Max. 30 32 33 32 52 41

Table 2: Microbiological monitoring of active air.

extract was examined; the aqueous silver ions were reduced to silver
nanoparticles when added to culture supernatant. It was observed that
the color of the solution turned from yellow to bright yellow and then
to dark brown after 5 hours of the reaction shown in the Figure 4, which
indicated the formation of silver nanoparticles. Absorption spectra of
silver nanoparticles formed in the reaction media has absorbance peak
located between 300 to 600 nm and the broadening of peaks indicated
that the particles are polydispersed. In the UV-Vis spectra; a strong and
broad Surface Plasmon Resonance (SPR) peak was observed at a range
of 420 nm that confirmed the synthesis of AgNPs and has been well
documented for various metal nanoparticles with sizes ranging from 2
nm to 100 nm [19]. Recent studies suggested that a SPR peak located
between 410 and 450 nm has been observed for AgNPs and might be
attributed to spherical nanoparticles [20].

Fourier transform infrared spectroscopy (FTIR)

FT-IR measurements were carried out to hypothesize the possible
interactions between silver salts and bioactive molecules, which could
account for reduction of Ag+ ions and stabilization of AgNPs (20).
The representative spectra in the region of 3000 to 500 cm-1 revealed
the presence of different functional groups like 3290 secondary amide
(N-H stretch, H-bonded) and 1635.0 cm™ corresponds to carbonyl
group [21]. The FTIR spectra recorded from AgNPs formed after 24
hours of incubation of the bacterial isolates. A possible interaction
of biomolecules present in the culture filtrate and the vibrational
stretches were predicted based on their earlier reports showed between
3280.0 to 3330.0 cm™ which corresponds to primary amines [22]. The
amide linkages between amino acid residues in proteins give rise to
well-known signatures in the infrared region of the electromagnetic
spectrum. The FTIR spectrum reveals band at 1625 - 1529 cm! that
correspond to the bending vibrations of the amide bands of the
proteins. FTIR analysis reveals the role of biomolecules which reduce
the silver nitrate and bind onto the nanoparticles and stabilize them
which prevents the aggregation (Figure 5).

Scanning electron microscopy (SEM)

SEM was used to determine the size and shape of the biosynthesized
nanoparticles. SEM images revealed the average size of particles as 45-
55 nm. SEM images show that they are relatively uniform in diameter
and have a spherical shape (Figure 6).

Energy dispersive x-ray microanalysis

EDAX spectroscopy confirmed the presence of an elemental
silver signal from the silver nanoparticles. The vertical axis shows the
number of X-ray counts and the horizontal axis shows energy in keV.
Identification lines for the major emission energies for silver are shown
and these correspond with peaks in the spectra, indicating that silver
was correctly identified. The EDAX profile for the silver nanoparticles
showed strong silver signals from silver atoms (Table 3). The EDAX
pattern shown clearly the silver nanoparticles were crystalline in nature
due to the reduction of silver ions. The present study confirmed the
presence of silver nanoparticles formed and showed strong signal
energy peaks for silver atoms in the range 2-4 keV compared with
another signals of sodium, oxygen, potassium, sulfur, carbon, oxygen
and chloride [22].

Antimicrobial activity

The antibacterial activities of synthesized silver nanoparticles were
tested against reference microorganisms as shown in Table 4 and Figure
7. The silver nanoparticles exhibited antibacterial activity against single
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Standard Organisms 0 50pg | 10.0ug | 10.0 ug
— Hg

g % p a—-“ﬁ\ Escherichia coli ATCC 8739 |15.8+0.1/19.4 £ 0.2 22.0+ 0.3/ 235+ 0.6
8 { Salmonella Typhimurium ATCC 15 5 . (5 148+ 0.5 17.6+0.2 192+ 0.5

" J i \ 6538
E { 4 \ Klebsiella pneumonia ATCC 10031 | 9.9+ 0.2 |12.7 £ 0.2/ 153+ 0.1/17.6 £ 0.4

‘ -

{ Pseudomonas aerugenosa ATCC | g 5, 4 131105 15.6+0.3 16.8+0.3

. \ 15442
o : Bacillus spizizenii ATCC 6633 | 14.1+ 0.4 18.3+0.5/20.2+ 0.3 21.6 + 0.3
\ Staphylococcus aureus ATCC 6538 11.6 £0.6/15.3+0.4/18.4+0.4/19.1+£0.1
Ly Candida albicans ATCC 10231 | 13.8+0.3/17.4£0.3 19.8 £ 0.2/20.8 + 0.3
Aspergillus niger ATCC 16404 | 14.5%0.6 18.8£0.4/21.1 £ 0.5 21.6 £ 0.2

Table 4: Minimum inhibitory concentration (MIC) of AgNPs (ug /ml) against

standard organisms (mean + SD).
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Figure 6: SEM image of AgNPs.

sp
m

det mode

5.5 597 um/LFD SE

— 100 nm —

Element Wt % At %
CK 48.30 65.26
OK 22.90 23.24
NaK 05.93 04.19
PK 01.46 00.76
SK 00.66 00.34
CIK 06.95 03.18
AgL 10.19 01.53
KK 03.61 01.50

Table 3: EDAX ZAF quantification standardless SEC.

cell and filamentous fungi, Gram positive and Gram-negative bacteria.
The highest inhibition zone diameter was formed against E. coli and
A. niger, however the lowest of 13.6 mm was produced against K.
pneumonia. Additionally an in-vitro comparison between antibacterial
activity of chemically and biosynthesized silver nanoparticles against
standard organisms shown that no significant difference between
inhibitory effect of biosynthesized silver nanoparticles compared with
chemically synthesize. The highest efficacy against multidrug resistance
bacteria [23]. Hydrogen peroxide (H,O,) and silver that their strong
bactericidal activities have been studied on different bacteria [24].

Energy - keV

Figure 7: EDAX profile of synthesized AgNPs by A. baumannii.

Disinfectant Ag-H,0, Ag-H,0, H,0, H,0,
Concentration 5% 2% 5% 2%
Zone (mm) 28.35 25.70 26.71 23.90

Table 5: Comparison between inhibitory affects H,0, Ag-H,O, concentrations.

Figure 8: Photocopy of inhibitory effect of using different disinfectants.

J

Strong disinfection effect of H,O, + Ag+ against three human pathogens
including Proteus mirabilis, Klebsiella pneumonia and Escherichia coli
has been demonstrated (Table 5 and Figure 8). The efficacy of 30 ppb
silver in 0.3% Hydrogen peroxide solution for disinfection of selected
enterobacteria was assessed offers new possibilities (Figure 9). Silver
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Figure 9: Photocopy of inhibitory effect of using different concentrations
disinfectants.

. Ag-H,0, &
Disinfectant Ethanol Ethaznél Ag-H,0, Ag-H,0,
Concentration 70% 2% -70% 5% 2%
Zone (mm) 0.0 14.62 32.97 18.92

Table 6: Comparison between inhibitory affects Ethanol 70%, Ag-H,O,

concentrations.
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Figure 10: Comparison between inhibitory affects Ethanol 70%, Ag-H,O,
concentrations.

nanoparticles account for greater than 23% of all nanoproducts and
have been widely used for diagnostic and therapeutic applications
(e.g. in wound healing, arthritic disease, etc.). These have been widely
known for their antibacterial, antifungal, and antiviral effects (Table 6

and Figure 10).

Conclusion

The more serious problem arising from microbial contamination
of pharmaceutical environments. The study findings have shown
that all tested samples were microbiologically contaminated. The
majority of microbial contaminants in non-sterile pharmaceuticals.
The antibacterial activities of synthesized silver nanoparticles were
tested against reference microorganisms. Silver nanoparticles exhibited
antibacterial activity against both single cell, filamentous fungi, Gram

positive and Gram-negative bacteria.

After 3 days of incubation; the results shows the following:
1. Ethanol 70% has no effect on the microbial growth.
2. Ag-H,0, solution (2% and 5%) Inhibit the microbial growth.
3. H,0, solution (2% and 5%) Inhibit the microbial growth.

4. Ag-H,0, solutions (2%, 5%) more effective than H,O, (2%,
5%) solutions.

5. Mixing between Ag-H,O, solution 2% with H,O, 2%
solutions or Ethanol 70% decrease its efficacy (antagonistic
effectiveness).
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