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ABSTRACT 

 

 
Background and Objectives: Silver nanoparticles (AgNPs) have been found to have multiple uses as antibacterial, anti- 

fungal and anti-biofilm agents because of their biological activities and safety. The present study was aimed to analyze the 

antimicrobial and anti-biofilm activities as well as the cytotoxic effect of AgNPs against different human pathogens. 

Materials and Methods: AgNPs were synthesized using cell free supernatants of Escherichia coli (ATCC 25922), En- 

terococcus faecalis (ATCC 19433), Pseudomonas aeruginosa (ATCC 27856), Enterobacter cloacae (ATCC 13047) and 

Penicillium oxalicum strain, then were analyzed using UV/Vis Spectral Analysis, Transmission electron microscopy (TEM). 

Scanning Electron Microscope (SEM) and Energy Dispersive-X-ray Spectroscopy (EDX) analysis. Antimicrobial activities 

of biosynthesized AgNPs were assessed with selected antimicrobial agents against multidrug resistant bacteria and candida. 

Anti-biofilm and cytotoxicity assays of these biosynthesized AgNPs were also done. 

Results: The synthesis of AgNPs were confirmed through observed color change and monitoring UV-Vis spectrum which 

showed homogeneous (little agglomeration) distribution of silver nanoparticles. TEM and SEM have shown that the parti- 

cle size ranged from 13 to 34 (nm) with spherical shape and a high signal with EDX analysis. Antibacterial and antifungal 

efficacy of antibiotics and fluconazole were increased in combination with biosynthesized AgNPs against resistant bacteria 

and candida. Significant reduction in biofilm formation was found better with Penicillium oxalicum AgNPs against biofilm 

forming bacteria. 

Conclusion: Penicillium oxalicum has the best effect towards synthesizing AgNPs, for antimicrobial activities against resis- 

tant bacteria and candida, in addition to anti-biofilm activities against biofilm forming Staphylococcus aureus and E. coli 

and the safest cytotoxicity effect on (MRC-5) cell line. 
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INTRODUCTION 

 
Antimicrobial resistance raises morbidity, mor- 

tality, hospital stay length, and healthcare expenses. 

Antibiotic resistance has been associated to a vari- 

ety of microbial features, antibiotic using selective 

pressure, and social and technological changes that 

facilitate the spread of resistant organisms (1). 

Advances  in  nanotechnology  have  opened  new 

horizons in nano-medicine, facilitating the synthesis 

of NPs that are now considered a viable alternative to 

antibiotics and seem to have high potential to solve 

the problem of the microbial multidrug resistance (2). 

The biological synthesis known as the Green meth- 

od has been generally considered an alternative to 

physiochemical methods, due to its cost effective- 

ness, safety and non-toxicity. Biologically formed 

silver nanoparticles, are nontoxic for humans (in low 
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concentrations), and are stable inorganic antibacteri- 

al agents that have been found to have toxic effect to 

a wide variety of microorganisms. 

The  powerful  antibacterial  and  broad-spectrum 

activity against pathogens seems to be associated 

with a multifaceted mechanism by which nanoparti- 

cles interact with microbes. It seems that antimicro- 

bial activity of AgNPs is rely on monovalent ionic 

silver, which is released into the microbial cells and 

inhibits microbial growth by suppressing of respira- 

tory enzymes and electron transport components (3). 

Furthermore, their particular structure and the multi- 

ple modes of interaction with bacterial surfaces may 

give a specific antibacterial mechanism to be used (4). 

In this work, silver nanoparticles were widely used 

as  antibacterial,  antifungal,  and  antibiofilm activ- 

ities, particularly through biologically generated 

methods that are safe and reliable. 

Aim of the current study was to evaluate of anti- 

microbial and anti-biofilm activities against different 

human pathogens as well as cytotoxic activity of sil- 

ver nanoparticles (AgNPs). 
 

 
 

MATERIALS AND METHODS 

 
Reference strains used for silver nanoparticles 

biosynthesis. In our study we used reference strain 

to synthesized nanoparticles Enterococcus faecalis 

(ATCC 19433), provided by microbiological resourc- 

es center (Cairo MIRCEN), Faculty of Agriculture, 

Ain-Shams University and Escherichia coli (ATCC 

25922), P. aeruginosa (ATCC 27856), Enterobacter 

cloacae (ATCC 13047) kindly supplied from bac- 

teriology laboratory of NAMRU-3. In addition, one 

isolate of Penicillium fungus kindly supplied by Milk 

and Economy Department, Faculty of Agriculture, 

Al-Azhar University for which additional purification 

and identification were done. 

 
Clinical isolates for assessment of antimicrobial 

activities of silver nanoparticles. Sixty (Forty-one 

bacterial and nineteen fungal isolates) multidrug resis- 

tant isolates were isolated from 166 various clinical 

samples that were collected from patients admitted 

to Al Menshawy General Hospital, Egyptian Min- 

istry of Health in the period from January 2018 to 

September 2019. Bacterial isolates were inoculated 

onto nutrient agar, MacConkey’s agar and blood agar 

plates then incubated at 37°C to isolate pure colonies. 

Suspected pure colonies were identified on the basis 

of conventional identification such as sugar fermenta- 

tion, indole test, lysine iron agar and MIO test, citrate 

test and coagulase test. Selected candida isolates were 

Candida albicans (6), Candida glabrata (6), Candi- 

da tropicalis (3) and Candida krusei (4). All candida 

isolates were purified and identified in a Sabouraud’s 

dextrose agar (SDA) medium and cornmeal agar con- 

taining Tween 80 with production of chlamydospores 

and germ tube test (5). In order to screen for carbap- 

enems-resistant isolates, methicillin resistant Staph- 

ylococcus aureus (MRSA) isolates and fluconazole 

resistant candida (FRC) isolates were tested accord- 

ing to Kirby-Bauer disc diffusion test. The findings 

have been interpreted according to methods of CLSI 

guidelines (6, 7). Pure isolates were stored for various 

application of silver nanoparticles until use. 

 
Ethical approval. The used protocol was approved 

by the Committee of Ethics of the Faculty of Med- 

icine for Girls, Al-Azhar University. The approval 

number (201911259) was obtained by author. An in- 

formed written consent was received from patients. 

The present work was conducted in accordance with 

the Declaration of Helsinki. 

 
Bacterial  biosynthesis  of  silver  nanoparticles. 

All bacterial reference strains were inoculated onto 

nutrient agar, MacConkey agar and blood agar plates, 

bile esculin agar and incubated at 37°C overnight to 

isolate pure colonies. Suspected pure colonies were 

subjected to Gram stain and biochemical reactions 

were tested according to Cheesbrough, (2006) (5). 

 
Preparation  of  silver  nitrate  solution  (1Mm). 

1.6 Gram of silver nitrate (AgNO ) was dissolved in 

one liter of sterile double distilled water. The solution 

was held in dark condition at 4°C for not more than 

2 weeks. 

 
Production of cell supernatant from different 

bacteria. Silver nanoparticles synthesis was carried 

out using a method modified from Saeb et al. (2014) 

(8). In which nanoparticles preparation was per- 

formed as follows: sterile nutrient broth was inoculat- 

ed with different pure bacterial isolates. The culture 

flasks were incubated at 37°C. After incubation time, 

the culture flasks were centrifuged at 6.000 rpm for 

10 minutes then   supernatant was filtered and used 

for silver nanoparticle synthesis. Erlenmeyer flasks 
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containing 90 ml of different bacterial supernatants 

were mixed with 10 ml AgNO . The flasks were in- 

cubated at 37°C with shaking in dark condition. The 

production of silver nanoparticles was confirmed by 

monitoring the observed color change from yellow to 

light or dark brown. Newly formed silver nanoparti- 

cles were prepared and stored at 4°C in dark condi- 

tion. Two negative control flasks, one contained the 

supernatant of bacterial broth culture only and the 

to dark brown. Two control flasks, one contained the 

supernatant of fungal broth culture only and the other 

contained 1 mM AgNO solution only were incubated 

in each run to check for the quality of the reagents and 

contamination. 

 

Silver nanoparticles synthesis by chemical re- 

duction method. 50 ml of 0.001 M AgNO , in Erlen- 

meyer flask was heated to boil in magnetic stirrer. 10 

other contained 1 mM AgNO solution only were in- ml of 1% trisodium citrate was added very slowly to 

cluded in each run to check the purity and quality of 

the reagents as shown in Fig. 1. 
 

 

 
 

Fig. 1. (A) Color change from yellow to dark brown of 

aqueous solution filtrate of Penicillium fungus after treat- 

mentwith AgNO3. (B) Shows a flask of fungal biomass in 

aqueous solution. 

 
Mycosynthesis of sliver nanoparticles. Mycosyn- 

thesis was done by a method modified from that of 

Ottoni et al. (9). From stock cultures grown in SDA, 

a small piece from the peripheral area of the agar 

was cut by a sterile blade and transferred by sterile 

forceps onto the center of a new SDA medium, then 

incubated for 7 days at room temperature in a dark 

area. Biomasses of fungus were obtained by inoculat- 

ing two culture disks (10 mm diameter) of each iso- 

late in 100 ml of SD broth. The cultures flasks were 

incubated for 4 days with shaking at 30°C. Biomass 

was obtained by filtration and washed several times. 

Fungal mycelia were incubated in 100 ml of sterile 

distilled water in shaker incubator at 30°C for 3 days. 

The supernatant was purified into 0.2 μm millipore 

filter and used as a source of sliver nanoparticles. 90 

ml of the previous supernatant was then added to 10 

ml  of  silver nitrate (AgNO ) solution (1 mM), fol- 

lowed by incubation for 3 days in the dark condition. 

Production of silver nanoparticles was confirmed 

through monitoring the change of color from yellow 

obtain a good distribution. When the color changed to 

yellow, the flask was withdrawn from the heater. The 

solution was stored at 4°C in the dark area (10). 

 
Characterization of silver nanoparticles. The 

characterization of silver nanoparticles was carried 

out at TEM and SEM Units, Mycology Regional Cen- 

ter, Al-Azhar University. 

 
Ultraviolet UV/vis spectral analysis. AgNPs solu- 

tion wavelength was recorded using a UV/vis spectro- 

photometer form 300-700 nm operated at a resolution 

of 1 nm. Absorbance was graphed and compared to 

the published data (11) (Fig. 2). 

 

 
 
Fig. 2. UV-Vis absorption spectrum of silver nanoparticles 

synthesized by different microorganism. 

 
Transmission Electron Microscopy (TEM). The 

size and morphology of the synthesized nanoparticles 

were reported by using carbon coated grids (PELCO 

50 USA), then examined by TEM (JEOL 60-150) (12) 

(Fig. 3). 

 
Scanning electron microscope (SEM). The mor- 

phology and size of the synthesized NPs were studied 

by SEM using JEOL JSM 5500 LV scanning electron 

microscope. Preparation of slides by using a typical 

SEM coater, the powder was pressed to the carbon 

tape with a fine layer (thin film of gold) and then ana- 
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Fig. 3. Transmission electron image of AgNPs produced by (A) P. aeruginosa isolate (spherical shape with particle size ranged 

from 13 to 34 nanometer  (nm), without significant agglomeration at magnification power  60000 X. (B): Enterococcus fae- 

calis isolate (spherical  and hexagonal in shape and the particle size ranged from 34 to 55 at magnification power 100000 X. 

They were found to be either aggregated or as a single granule at certain locations. 

 
lyzed by SEM. The microscope operated at an accel- 

erated voltage at 5-10 KV at different magnifications, 

low vacuum, a spot size 4 and working distances 1-10 

mm (12) (Fig. 4). 

 
Energy Dispersive-X-ray spectroscopy analysis 

(EDX). The elemental analysis of the single particle 

was carried out using EDX attached with the SEM at 

10KV (13) (Fig. 5). 

 
Molecular identification of penicillium isolate. 

The penicillium isolate was further submitted to mo- 

lecular identification by 18S rDNA sequencing-based 

method to ascertain its taxonomic position. 

 
DNA extraction. DNA extraction of the Penicilli- 

um isolate was done by the QIAGEN® Genomic-tip 

- (EN) as directed by the manufacturer (14). PCR 

assay was conducted using thermal cycler based on 

amplification of 18S rDNA. The primers (Invitrogen, 

Germany) were selected from published sequences 

(15). The sequences of primers used for amplification 

of 18S rDNA gene were 

Forward. 5` GCA TCG ATG AAG AAC GCA GC 3` 

Reverse. 5` TCC TCC GCT TAT TGA TAT GC 3` 

 
Amplification. The total reaction volume was 50 

ml containing 15 ml nuclease free water, 1 ml (20 Pi- 

comole) of each primer (Invitrogen, Germany), 25 ml 

(MyTaq Red Mix), (Qiagen, Germany Genomic-tip 

- (EN) and 8 ml of the extracted DNA. Amplifica- 

tion conditions included an initial denaturation stage 

at 94°C for 5 minutes followed by 35 cycles. Each 

cycle consists of; denaturation at 94°C for 1 minute, 

annealing at 56°C for 1 minute, an extension at 72°C 

for 1minute and followed by a final extension at 72°C 

for 7 minutes. The amplified products were separat- 

ed by 2% agarose gel and were further subjected to 

sequencing using DNA sequencer (Roche-454GX- 

FLX Switzerland). The sequence data were subjected 

to BLAST analysis and the result revealed its max- 

imum identity to different penicillium species and 

most likely to Penicillium oxalicum (99.9%). The 18S 

rDNA sequence of the isolate was sent to NCBI by 

gene bank accession number MT533785. 

 
Antimicrobial  study of  the  synthesized  silver 

nanoparticles. 100 ul (100 μg/ml) of synthesized Ag- 

NPs were used for their antimicrobial effect by the 

agar well diffusion test against different kinds of mul- 

tidrug resistant microorganisms (16). 

 
Antibacterial activity of AgNPs alone and com- 

bined AgNPs-amoxicillin on MRSA isolates. Mix- 

ture preparation of both concentration of amoxicillin 

(25 μg/ml) and AgNPs (100 μg/ml), then vortexed 
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Fig. 4. SEM image showed reduction of silver nitrates particles into oval and triangular nanoparticles by (A) Penicillium 

fungus at magnification power 16,000 X, (B) Enterobacter cloacae with particle size ranging from 7-55 nm at magnification 

power 18,000 X (C) and (D) Enterococcus faecalisat magnification 12,000 X. Most of the NPs were aggregated in the form 

of clusters, and only few of them were scattered. SEM absorption of the products was recorded as synthesis of nanoparticles 

spherical and triangular  in structure of about 7-55  nm in diameter. Most of the NPs were aggregated in the form of clusters, 

and only few of them were scattered. 

 
for 15 minutes. The antibacterial activity of AgNPs 

alone and in combination with amoxicillin (25 μg/ml) 

on 16 methicillin resistance Staphylococcus aureus 

(MRSA) isolates was investigated by agar well diffu- 

sion test. The bacterial suspension was adjusted to 108
 

CFU \ml. The zones of inhibition were measured in 

triplicate and the mean values ± SD were recorded (17). 

 
 
 
 
 

 
Fig. 5. EDX spectrum of biosynthesized silver nanoparti- 

cles. The EDX spectrum was recorded in the spot-profile 

mode, strong signals from the sodium (Na) sulphur, (S), 

phosphorus (P) and silver (Ag)  atom were observed while 

medium signals from Cu  and weaker signals from other at- 

oms. The optical absorption peak of AgNPs was observed at 

3 keV which is atypical absorption of metallic AgNPs. 

Antibacterial activity of AgNPs on carbapen- 

ems  resistance  Enterobacteriacea  (CRE)  alone 

and combined AgNPs-gentamicin. The antibacteri- 

al activity of AgNPs alone and mixed with gentami- 

cin (30 μg/ml) on 22 carbapenems resistance Entero- 

bacteriacea (CRE) isolates (16 K. pneumoniae and 6 

E. coli) were investigated by agar well diffusion test. 

The zones of inhibition were determined in triplicate 

and the mean values ± SD were recorded (17). The in- 

crease in the fold area of different pathogens for anti- 

biotics and antibiotics combined with silver nanopar- 
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ticle solution can be calculated by fold increase (%) = 

[(b−a)/a] ×100 where “a” refer to the zones of inhibi- 

tion for antibiotic alone and “b” the zones of inhibi- 

tion for antibiotic with silver nanoparticles (18) (Figs. 

6 and 7). 

 
Antifungal activity of AgNPs on fluconazole-re- 

sistant candida isolates alone (FRC) and combined 

AgNPs-fluconazole. The antifungal activity of Pen- 

icillium oxalicum biosynthesized AgNPs alone and 

mixed with fluconazole (10 μg/ml) was investigated 

on 15  FRC isolates  by agar well diffusion test (18), 

which the fungal suspension was adjusted to 105 CFU 

\ml. Four wells (6 mm diameter) were punched in 

SDA plates using sterile corkborer after inoculation 

with fungal culture. The zones of inhibition were de- 

termined in triplicate and the mean values ± SD were 

recorded (19). 

 
Anti-biofilm activity of AgNPs using crystal vi- 

olet assay. Biofilm inhibition carried out in 96 well 

plates adopting modified method of biofilm inhibition 

spectrophotometric assay (20). To adjust the working 

solution to be 1024 ug/ml. Dilution of 1mg to 7.8 μg/ 

ml of  AgNPs samples, 8 tubes were prepared with 

1000 μg/ml, 500 μg/ml, 250 μg/ml, 125 μg/ml, 62.5 

μg/ml, 31.2 μg/ml, 15.6 μg/ml and 7.8 μg/ml respec- 

tively. 100 ml of cell suspension of biofilm forming 

E. coli and S. aureus were added into 96 well titer 

plate. 100 ml of previous concentration of different 

AgNPs were added in each well of 96-well plate in 

duplicates and the plate was incubated at 37°C for 24 

hours. After the incubation, the liquid suspension was 
 

 

 
 

Fig. 7. Antimicrobial activity of silver nanoparticles against 

(A) carbapenem-resistant E. coli (B) MRSA. AgNPs had 

respectable inhibition zone against CR E. coli and MRSA 

strain. (A) (1) The zone of inhibition produced by gentam- 

ycin 14.50 mm, (2) The zone of inhibition of AgNPs alone 

29.4 mm (3) combined AgNPs with gentamycin 32 mm (4) 

control 0 mm . While the AgNPs zone of inhibition against 

(B)  MRSA (1) AgNPs  alone  21.2  mm,  (2)  amoxicillin 

14.3 mm (3) combined AgNPs with amoxicillin 23.4 mm, 

(4) control 0 mm. Combined AgNPs with antibiotics have 

greater antibacterial activity compared to antibiotics alone. 

 
 

 
 

Fig. 6. Synergistic antibacterial effect between all biosynthesized AgNps and antibiotics against multidrug resistance bacteria 
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discarded and 100 ml of 1% w/v aqueous solution of 

crystal violet was added for staining at room tempera- 

(5 mg of MTT in 1 ml of PBS) was added to each well 

including the untreated controls. The plates were then 

ture for 30 minutes. The staining dye was discarded incubated at 37°C and 5% CO for 4 hours. An 85 ml 

and the plate was washed 3 times with 300 ml of dis- 

tilled water. 95% ethanol was added and incubated 

for 15 minutes. The O.D. absorbance was read at 570 

nm using a microplate reader (TECAN, Inc.) within 

30 min after gentle shaking (20) (Fig. 8). 

 
Cytotoxicity viability assay. The cells were seeded 

in 96-well plate at a cell concentration of 1 × 104 cells 

per well in 100 ml of growth medium. Fresh medium 

containing different concentrations of the biosynthe- 

sized AgNPs was added after 24 hours of seeding. 

Serial two-fold dilutions of the AgNPs were added to 

confluent cell monolayers dispensed into 96-well, mi- 

crotiter plates. The microtiter plates were incubated 

aliquot of the media was removed from the wells, and 

50 ml of DMSO was added to each well and mixed 

thoroughly and incubated at 37°C for 10 minutes (21) 

(Fig. 9). 

 
Calculation of results. The O.D. absorbance was 

read at 590 nm using a microplate reader (SunRise, 

TECAN, Inc, USA) within 30 minutes, then deter- 

mine the number of viable cells and the percentage 

of viability was calculated as [(OD t /OD c)]×100% 

where OD t is the mean optical density of wells treat- 

ed with the AgNPs and ODc is the mean optical den- 

sity of untreated cells. 

The standard curve of each cell line was plotted as 

at 37°C in a humidified incubator with 5% CO for a the relation between surviving cells after treatment 

period of 24 h. Three wells were used for each con- 

centration of the AgNPs. Control cells were incubated 

without AgNPs and with or without DMSO. The little 

percentage of DMSO present in the wells (maximal 

0.1%) was not found to affect the experiment. Then 

viability of cells was measured by a colorimetric 

method. The media was discarded and 100 ml of fresh 

culture RPMI 1640 medium without phenol red was 

added then 10 ml of the 12 mM MTT stock solution 

with AgNPs and AgNPs concentration. 

The cytotoxic concentration (CC50), the concentra- 

tion required to cause toxic effects in 50% of intact 

cells, was estimated from graphic plots of the dose 

response curve for each conc. using Graph-pad Prism 

software (San Diego, CA. USA) (22). 

 
Analyzing data. The data was analyzed using Sta- 

tistical Program for Social Science (SPSS) version 

 

 
 

Fig. 8. Anti-biofilm activity of different biosynthesized AgNps on biofilm forming Staphylococcus aureus. The MBIC value 

is defined as the lowest concentration to inhibit 100% of bacterial biofilm under the assayed conditions. The MBIC of Peni- 

cillium oxalicum and P. aeruginosa AgNps on biofilm forming E. coli were 31.25 and 125 ug/ml respectively. However The 

MBIC of Penicillium oxalicum and P. aeruginosa. AgNps on biofilm forming Staphylococcus aureus were 62.5 and 125 ug/ 

ml respectively. 
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Fig. 9. Evaluation of cytotoxicity of different biosynthesized AgNps products against MRC-5 cell line. Inhibitory cytotoxic ac- 

tivity of AgNps against normal human lung fibroblast cells was detected using MTT assay with cytotoxic concentration (CC  ) 
50 

required to cause toxic effects in 50% of intact cells. Chemically synthesized AgNps were the most toxic against MRC-5 cell 

line. (CC = 31.5 ug/ml ) and Penicillium fabricated AgNps were the least toxic against the same cell line (CC =500 ug/ml) 

 
20. Data. The mean± standard deviation (SD) was 

expressed as quantitative result. Independent t-test of 

significance was used when comparing between two 

means. ANOVA test was used to compare between 

different times in the same group in quantitative data. 

Chi-square (X2) test of significance was used in or- 

der to compare proportions between two qualitative 

parameters. 
 

 
 

RESULTS 

 
Silver nanoparticles biosynthesis. Formation of 

silver nanoparticles were observed after 24 hours by 

changing the color from light yellow to dark brown as 

shown in Fig. 1 (1). 

 
The characterization of silver nanoparticles was 

done by using UV-Vis spectrum TEM, SEM and 

EDX analysis. UV-Visible absorption spectrum of 

silver  nanoparticles  synthesized  by  different strain 

and chemical reduction showed Penicillium oxalicum 

isolate showed the best results with the highest optical 

density. Descriptive data of synthesized nanoparticles 

using Transmission Electron Microscopy revealed that 

in Penicillium oxalicum have spherical and triangular 

in shape and the size ranged from 8 to 15 nm with no 

observed agglomeration. In Pseudomonas aerugino- 

sa isolates have spherical shape and the size ranged 

from 13 to 34  nm, without significant agglomeration 

while in Enterococcus faecalis isolates have spherical 

and hexagonal in shape and the size ranged from 34 

to 55 nm. They were found to be either aggregated 

or as a single granules at certain locations  analysis. 

In SEM the absorption of the products was recorded 

as synthesis of nanoparticles spherical and triangular 

in structure of about 7-55 nm in diameter. Most of 

the NPs were aggregated in the form of clusters, and 

only few of them were scattered. In EDX analysis, the 

presence of elemental silver indicated the reduction of 

silver ion in the reaction mixture by bacterial cell free 

filtrate mixtures into silver metal. 

 
Antibacterial study of silver nanoparticles. Anti- 

microbial activity of  AgNPs against 60 resistant iso- 

lates (41 bacterial and 19 candida isolates) were iden- 

tified by antimicrobial susceptibility as (13 MRSA 

isolates, 6 MRSE isolates, 16 carabapenems- resistant 

Klebsiella pneumoniae, 6 E. coli) were evaluated us- 

ing agar well diffusion test. Also antifungal study was 

done on 19 fluconazole resistant candida as 6 (Candi- 

da albicans), 6 (Candida glabrata), 3 (Candida tropi- 

calis) and 4 (Candida krusei) (Tables 1, 2 and 3). 
 

 
 

DISCUSSION 

 
The production of nanoparticles with antibacterial 
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Table 1. Efficacy of single antibiotic and mixed sliver nanoparticles (AgNps) with antibiotic on carbapenem-resistant E. coli 

and K. pneumoniae by agar well diffusion in mm 
 

 

 Escherichia coli 

(ATCC 25922) 

Mean + SD 

Enterococcus faecalis 

(ATCC 19433) 

Zone of inhibition 

(mm) ± SD 

Enterobacter cloacae 

(ATCC 13047) 

Zone of inhibi-tion 

(mm) ± SD 

P. aeruginosa 

(ATCC 27856) 

Zone of inhibi-tion 

(mm) + SD 

Penicillium oxalicum 

Zone of inhibi-tion 

(mm) ± SD 

E. coli      
AgNps 22.72 ± 0.73 14.33 ± 1.03 22.60 ± 2.88 24.67 + 1.75 29.42 + 2.01 
AgNps + Gentamycin 24.65 ± 1.56 17.3 ± 1.48 24.43 ± 2.56 26.50 + 1.05 32.00 + 1.41 
Gentamycin                                                                                    14.50 + 1.05 
ANOVA                No. 128.520 11.500                           31.516 142.826 214.188 

P value <0.001** <0.001**                      <0.001** <0.001** <0.001** 
Fold increase % 70% 19.3%                           68.5% 82.7% 120% 
K. pneumoniae     
AgNps 19.44 + 1.26 13.63 ± 1.09                 19.34 + 1.44 23.34 + 1.40 26.56 + 1.72 
AgNps + Gentamycin 21.65 ± 1.56 16.19 ± 1.33                 21.31 + 1.05 25.31 + 1.25 29.34 + 1.78 
Gentamycin  13.50 + 1.10   
ANOVA test 163.007 26.507                         180.539 406.324 467.994 

 <0.001** <0.001**                      <0.001** <0.001** <0.001** 
Fold increase % 60.4% 19.92%                          57.8% 87.5% 117% 

 

ANOVA test was used for comparison between individual antibiotic and combined sliver nanoparticles (AgNps) with antibi- 

otic on carbapenem-resistant E. coli (<0.001** Highly significant) 

 
properties has received attention among researchers. 

The growing threat from resistant organisms calls for 

concerted action to avoid the dissemination of new 

resistant strains and the spread of existing ones (23). 

We screened four different reference bacterial 

strains and one filamentous fungus for the potential 

reduction the silver ions to AgNPs. Based on our 

observations, the selected strain was capable of ex- 

tracellular biosynthesis of AgNPs by reducing silver 

nitrate and the change of color was observed from 

pale yellow to brown. 

The UV-Vis absorption spectra of all bacterial cell 

free suspensions were measured and a high peak in 

the visible region at 415 nm was obtained to confirm 

the presence of AgNPs. Our results corroborated 

with other study (24), they reported that an 

observation of a wide surface plasmon peak in the 

ranged from 415 to 430 nm is characteristic of silver 

nanoparticles due to its surface plasmon resonance 

which represents the collective excitation of conduc- 

tion electron in metal. The absorption spectrum of 

the silver nanoparticles is shown to indicate the 

formation of the nanoparticles where the presence 

of a plasmon absorption band at ~ 415-430 nm is 

characteristic of silver nanoparticles. The surface of 

a metal is like plasma, having free electrons in the 

conduction band and positively charged nuclei. 

Earlier studies have shown that AgNPs synthesized 

using different microbes such as Pseudomonas stut- 

zeri, Bacillus megaterium, K. pneumoniae, and Ba- 

cillus licheniformis have greater particle sizes of 200 

nm, 80-98.56 nm, 28.2-122 nm, and 50 nm, respec- 

tively. Our finding that the particle size of Penicilli- 

um oxalicum AgNps varied was (8-15 nm). The par- 

ticles were round and triangular, with little aggrega- 

tion. These findings are in line with results of Ansari 

et al. who discovered that Deinococcus radiodurans 

biosynthesized AgNPs have size 16.82 nm (25). The 

fungus Penicillium makes a suitable option for the 

production of metallic nanoparticles since it secretes 

large amount of proteins, thereby increasing efficacy 

and making them easy to use in the laboratory (23). 

The AgNPs were found to be well distributed in 

SEM, with a triangular and spherical form and par- 

tial aggregation. The aggregation observed by (26), 

in their study on the production of AgNPs using 

soil-isolated penicillium strains. Our findings cor- 

roborated those of Magudapathy et al. who found that 

the biosynthesized AgNPs by cell free supernatant 

of Lactobacillus casei and Lactobacillus fermentum 
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Table 2. Efficacy of single antibiotic and mixed sliver nanoparticles (AgNps) with antibiotic on Methicillin resistant Staphy- 

lococcus aureus (MRSA) and Methicillin resistant Staphylococcus epidermidis (MRSE) by agar well diffusion through mea- 

suring the zone of growth inhibition in mm 

 
 E. coli (ATCC 

25922) Zone of 

inhibition (mm) + 

SD 

Enterococcus faecalis 

(ATCC 19433) 

Zone of inhibition 

(mm) + SD 

Enterobacter cloacae 

(ATCC 13047) Zone 

of inhibition 

(mm) + SD 

P. aeruginosa 

(ATCC 27856) 

Zone of inhibition 

(mm) + SD 

Penicillium oxalicum 

Zone of inhibition 

(mm) + SD 

MRSA      
AgNps 16.82 ± 0.72 13.25 + 1.00 16.35 ± 1.44 18.63 + 1.36 21.25 + 1.69 
AgNps + Amoxicillin 19.83 ± 1.13 16.67 ± 1.52 19.12 ± 1.65 20.50 + 1.03 23.44 + 1.55 
Amoxicillin                                                                                    14.38 + 1.20 
ANOVA           No. 89.499 24.927                          35.461 88.171 130.10 

P value <0.001** <0.001**                      <0.001** <0.001** <0.001** 
Fold increase % 37.9% 15.9%                           33.6% 42.6% 63% 
MRSE     
AgNps 15.17 + 1.04 13.67 + 0.58                 15.05 + 1.35 17.00 + 1.00 19.00 + 1.00 
AgNps + Amoxicillin 17.44 + 1.00 15.66 ± 1.4                  17.75 + 1.05 19.75 + 1.05 20.61+ 0.58 
Amoxicillin  13.67 + 1.53   
ANOVA test F =14.663 F =5.124                      F = 14.722 F = 37.551 F= 64.584 

 <0.001** 0.020*                        <0.001** <0.001** <0.001** 
Fold increase % 27.6% 14.6%                           29.8% 44.5% 50.8% 

ANOVA test was used to compare between different groups (>0.05 Non significant <0.05* significant <0.001** High signif- 

icant). Synergistic efficacy of silver nanoparticles was observed with gentamycin against Carbapenem- resistant Enterobac- 

teriace and with amoxicillin against MRSA. The best activity was observed with Penicillium oxalicum strain biosynthesized 

AgNPs followed by P. aeruginosa (ATCC 27856). Carbapenem- resistant E. coli was more susceptible than K. pneumoniae 

and MRSA was more susceptible than MRSE 

 
were spherical with a size of around 10.0 nm and ag- 

gregated, possibly due to the drying process (27). 

The combination of (SEM) with (EDX) can be used 

for examination of silver powder morphology and 

chemical composition analysis. The EDX analysis of 

silver nanoparticles revealed a high signal at 3 keV 

in the silver region and thus confirmed the presence 

of silver nanoparticles in the prepared sample sug- 

gested a reduction of Ag+  ions to elemental silver. 

The percentage of elemental constituents for silver 

nanoparticles in Penicillium oxalicum  (mean ± SD 

19.57 - 25.2% ± 0.372%) while in chemically synthe- 

sized particles (mean ± SD 25.765 - 33.538 ± 2.77%) 

Our  findings are  comparable  to  those  of  another 

study, which found that metallic silver nanoparticles 

have an optical absorption peak of around 3 keV due 

to surface plasmon resonance (28). 

The synergistic effect of AgNPs has a wide variety 

of activity against different types of bacteria (10). In 

the present work, the AgNPs produced by Penicilli- 

um oxalicum strains were found to be active against 

E. coli, K. pneumoniae, S. aureus, S. epidermidis. By 

using agar well diffusion, the antibacterial activities 

were assayed against 6 carbapenems-resistant E. coli 

and 13 MRSA. The best activity was observed with 

Penicillium oxalicum (29.42, 20.25 and 25 mm re- 

spectively) followed by biosynthesized AgNPs from 

P. aeruginosa (ATCC 27856) (27.84, 18.63 + 1.36 

and 23.57 mm) compared to other strains (Escherich- 

ia coli ATCC 25922) AgNPs (26.73, 18.87 and 22.65 

mm  respectively),  (Enterobacter  cloacae  ATCC 

13047) AgNPs ( 25.6, 17.35 and 20.43 mm respective- 

ly) and (Enterococcus fecalis AgNPs ATCC 19433) 

(23.22, 16.1 and 18.3 mm respectively). Wisam et al. 

(2018) found that at a concentration of 200 ug/ml, the 

diameter of the inhibition zones of Zingiber officinal 

plant extract biosynthesized AgNPs against bacterial 

strains such as Bacillus subtilis (31 mm) and E. coli 

(30 mm) was 31 mm (29). 

The antibacterial effects of AgNPs on Gram posi- 

tive and Gram negative organisms were explored in 

our study, and they demonstrated stronger antibacte- 
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Table 3. Antifungal activities of all biosynthesized AgNps. against different fluconazole resistant candida isolates 

 
 E. coli (ATCC 

25922) Zone of 

inhibition (mm) + 

SD 

E. faecalis           Enterobacter cloacae 

(ATCC 19433) Zone   (ATCC 13047) Zone 

of inhibition                 of inhibition (mm) + 

SD                   (mm) + SD 

P. aeruginosa 

(ATCC 27856) 

Zone of inhibition 

(mm) + SD 

Penicillium oxalicum 

Zone of inhibition 

(mm) + SD 

Candida albicans     
AgNps 20.65 ± 1.74 15.33 +1.53                  20.23 ± 2.88 22.00 + 1.00 25.00 + 1.00 
AgNps + Fluconazole 22.58 ± 1.46 18.07 ± 1.12                 22.42 ± 2.64 24.33 ± 1.53 27.67 + 1.53 
Fluconazole  11.33 + 1.15   
ANOVA test 100.506 42.052                          37.439 185.451 296.560 

 <0.001** <0.001**                      <0.001** <0.001** <0.001** 
Fold increase % 99.3% 59.5%                           97.9% 114.7% 144% 
Candida glabrata     
AgNps 18.12 + 0.62 14.67 + 0.82                 18.23 ± 0.92 20.42 + 0.92 23.50 + 1.33 
AgNps+ fluconazole 21.50 + 0.55 17.07 ± 1.32                 20.50 ± 1.04 23.50 + 1.05 25.50 + 1.05 
Fluconazole  10.83+ 1.17 
ANOVA 260.362 47.131 139.606 236.889 275.354 

 <0.001** <0.001** <0.001** <0.001** <0.001** 
Fold increase % 98.5% 57.6% 89.3% 117% 135.4 
C. krusei      
AgNps 15.00 + 0.92 10.55 + 0.96 15.63 ± 042 15.75 + 0.96 18.25 + 0.96 
AgNps+ fluconazole 17.27 + 1.53 12.67 + 0.58 17.33 ± 0.84 18.25 + 0.50 21.05 + 0.58 
fluconazole  9.75 + 1.71 
ANOVA 29.213 6.533 49.878 66.655 99.366 

 <0.001** 0.018 <0.001** <0.001** <0.001** 
Fold increase % 77% 29.9% 77.7% 87.2% 115.9% 

 

Synergistic efficacy of silver nanoparticles was observed with fluconazole against different types of candida. The best activity 

was observed with Penicillium oxalicum strain biosynthesized AgNPs. Candida albicans was more susceptible than the other 

types 

 
rial activity against (CR E. coli) than MRSA. Our re- 

sults are similar to Nanda et al. who found that higher 

antibacterial activity on Gram-negative (E. coli and 

Salmonella  typhi)  than  Gram-positive  (S.  aureus 

and S. epidermidis) bacteria (30). In contrast Long- 

hi et al. who found that the Gram-positive (MRSA 

and MRSE) were more susceptible to  AgNPs  than 

Gram-negative (Salmonella typhi and K. pneumoni- 

ae) bacteria (31). This seems to be due to variations 

in the membrane structure and the composition of the 

cell wall, thereby influencing access of the AgNPs. 

Synergistic efficacy of silver nanoparticles with 

various antibiotics was observed on selected patho- 

gens. The synergistic effect silver nanoparticles with 

gentamicin against Gram-negative bacteria is higher 

than that of amoxicillin against Gram-positive bac- 

teria. It indicated that the combination of antibiotics 

and nanoparticles could improve the effectiveness of 

antibiotic against resistant pathogens. Our results are 

similar to those of, they found that increasing effica- 

cies of antibiotics such as vancomycin, gentamycin, 

streptomycin, ampicillin, and kanamycin when used 

in conjunction with AgNPs against P. aeruginosa, S. 

aureus, and E. coli. 

The antifungal effect of AgNPs against fluconazole 

resistant strain of candida isolates was investigated 

using agar well diffusion method. The synergistic 

effect was observed when AgNPs and FLC were 

mixed against fluconazole resistant (FR) Candida 

albicans isolates. Our results are agreed with Jalal 

et al. who observed that the decrease of FLC MIC 

of FLC-resistant Candida albicans when combined 

to AgNPs (32). Masurkar et al. also reported signifi- 

cant reductions of bacterial growth at concentration 

(500 ug/ml) of silver nanoparticles (33). This can be 

explained by the AgNPs can change the permeability 
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of the cell membrane, we can hypothesize that they 

may promote the entry of FLC, which interferes with 

ergosterol biosynthesis. 

Synergistic antifungal effect was obtained by com- 

bination of different biosynthesized AgNPs with 

fluconazole on candida isolates .However, the best 

antifungal effects of Penicillium oxalicum biosynthe- 

sized AgNPs were better on Candida albicans than 

on other candida species. 

The minimal biofilm inhibitory concentration 

(MBIC) of Penicillium oxalicum and P. aeruginosa 

(ATCC 27856) AgNPs on biofilm forming S. au- 

reus were 62.5 and 125 ug/ml and on biofilm form- 

ing E. coli were 31.25 and 125 ug/ml respectively. 

Our finding is similar to Chaudhari et al. (2012) (34) 

who investigate the anti-biofilm activity of AgNPs 

(51 nm) synthesized from Bacillus megaterium at a 

concentration as low as 50 μg/ml and recorded that 

AgNPs had improved quorum quenching activity 

against S. aureus biofilm and prevention of biofilm 

formation. They concluded that AgNPs could be ac- 

tive in the prevention of biofilm formation. Similar 

finding was observed with Kuldeep et al. (2014) (35) 

who investigated antibiofilm activities of AgNPs P. 

aeruginosa, S. aureus and C. albicans. More than 

90% biofilm inhibition was observed at 250 ug/mL 

concentrations and 85% of the biofilm inhibition was 

observed at 125 ug/mL. 

In addition, Kalishwaralal et al. (36) reported that 

the antibacterial effect of AgNPs on P. aeruginosa 

and S. epidermidis, and their effect on biofilm for- 

mation at a concentration of 100 μM and the AgNPs 

inhibit the biofilm formation with 95% and 98%. 

Chávez-Andrade et al. (37) revealed that silver 

nanoparticles had antibacterial and anti-biofilm ca- 

pabilities against E. faecalis, Candida albicans, and 

Pseudomonas aeruginosa, and may be a viable alter- 

native for root canal system disinfection. 

Ansari et al. (2015) (26) detect the production of 

biofilm by extended spectrum β-lactamase isolates 

of E. coli and Klebsiella pneumoniae, (MRSA) and 

methicillin resistant S. epidermidis (MRSE) and also 

studied by using confocal laser scanning microsco- 

py techniques which  offer concrete evidence of the 

ability of 50 μg/ml AgNPs to block bacterial growth 

and to prevent the glycocalyx formation. An interest- 

ing evolution of using nanoparticles toward biofilm 

forming P. aeruginosa is represented by (38) using 

100 mg/ml silver-coated magnetic nanoparticles, in 

fact, design of multimodal nanoparticles comprising 

a magnetic core and a silver ring showed promising 

results. 

Our result agreed with Yen et al. who studied the 

interactions of AgNPs with P. putida biofilms and 

demonstrated  that  the  biofilms  are  impacted  by 

the treatment with AgNPs at 125 ug/ml (39). The 

nanoparticles analyzed in their study were of  quite 

large dimensions over 60 nm. 

In the present work, the cell viability and metabolic 

activity were demonstrated using MTT assay by ex- 

posing the normal human fibroblast cell line (MRC- 

5) cells to AgNPs at concentration   ranged from 0 

μg - 1000 μg for 24 hours. The findings of the MTT 

assay revealed a dose-dependent decrease in percent 

viability of the cells (cytotoxicity on MRC-5). The 

CC50 of Penicillium oxalicum biosynthesized Ag- 

NPs was in the range of 500 μg/mL, which is much 

higher than that of chemically synthesized AgNPs 

31.5 ug/ml  and higher than that of the  effective an- 

timicrobial doses. Our results similar to who studied 

the macrophages treated with AgNPs at a concentra- 

tion of 10 µg ml. AgNPs used were safe on this type 

of cell at that concentration (40). 

We also agreed with Moteriya et al. who tested the 

in vitro cytotoxicity of Caesalpinia Pulcherrima bio- 

synthesized AgNPs on HeLa cell line using different 

concentrations (41). The cytotoxic effect on HeLa cell 

line was increased with an increased concentration 

of AgNPs. The cell viability was 100% at a lower 

concentration of AgNPs and 42% of cells were viable 

at a concentration of 50 ug/ml. Maximum inhibition 

was observed at 200 ug/ml conc (67%). 

In conclusion, Penicillium oxalicum has the best ef- 

fect towards synthesizing AgNPs, for antimicrobial 

activity against resistant bacteria and candida, in ad- 

dition to anti-biofilm activity against biofilm forming 

Staphylococcus aureus and the safest cytotoxicity ef- 

fect on MRC-5 cell. 
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