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ABSTRACT 

 

 
Background and Objectives: In the past few years, application of new antimicrobial e.g. nanoparticles (NPs) to treat infec- 

tion caused by drug-resistant bacteria has increased. This study aimed to determine antimicrobial property of silver nanopar- 

ticles (AgNPs) and gold nanoparticles (AuNPs) in combination with linezolid on Enterococcus biofilm. 

Materials and Methods: A total of forty-eight isolates of Enterococcus spp. were collected and confirmed by PCR method. 

The synthesis of biocompatible AgNPs was performed, then analyzed by Fourier Transform Infrared spectroscopy (FTIR), 

Scanning Electron Microscopy (SEM), and Transmission Electron Microscopy. We carried out minimum inhibitory concen- 

tration (MIC) and biofilm forming capacity of AgNPs and AuNPs with linezolid. 

Results: Twenty-two E. faecium isolates and twenty- six E. faecalis investigated in this study. Strong biofilm formation was 

seen in 12 (25%) of isolates, and others isolates (75%) formed moderate biofilm. AgNPs and Au-NPs size were 26 nm and 

20 nm respectively. The MIC of AgNPs was 23.2 μg/ml, and AuNPs were 92.1 μg/ml and the lowest MIC was obtained 2 

μg/ml in linezolid. Biofilm formation inhibitory activity by AuNPs + Linezolide and AgNPs + Linezolide 70 to 80 percent 

increased in average. 

Conclusion: The antibiofilm activity of AgNPs and AuNPs increased when both agents were used in combination with 

linezolid in comparison with each agent alone. 
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INTRODUCTION 

 
The enterococci are important causes of noso- 

comial  infections,  chiefly in  intensive  care  units, 

and  are  chosen  by  therapy  with  cephalosporins 

and  other  antibiotics  to  which  they  are  resistant 

(1).   The   most  important   pathogenic   enterococ- 

ci in humans contain Enterococcus faecium and 

Enterococcus faecium. E. faecium is usually much 

more antibiotic-resistant than E. faecalis (2). Owing 
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to the different antimicrobial resistance mechanisms, 

effective treatment of enterococcal infections is be- 

coming increasingly difficult. Newer agents for ex- 

ample linezolid are used for the treatment of VRE in- 

fections. Linezolid is an oxazolidinone antibiotic that 

inhibits protein synthesis. Linezolid is the single an- 

tibiotic presently accepted by the US Food and Drug 

Administration, but resistance to it is on the rise (3). 

Resistance to linezolid selected in vitro and has also 

been observed in clinical settings (4). Recent devel- 

opments in nanotechnology to engineer nanoparti- 

cles with desired physicochemical properties have 

been projected as a new line of defense against 

vancomycin resistance infections (5). New ways to 

biofilm growth inhibition, biofilm damage, or bio- 

film eradication have been proposed. Nanoparticles 

have shown effective antimicrobial activity against 

vancomycin-resistant enterococci (6). The utility of 

nanomaterials for the development of anti-biofilm 

agents is well documented (7). AuNPs and AgNPs 

are extensively used NPs and show strong biocide 

effects on a broad spectrum of bacterial pathogens 

(6, 7). Therefore, the synergistic result of AgNPs and 

AuNPs with other antimicrobial agents has gotten 

much attention. The trends in the epidemiology of 

enterococcal infections recommend that MDR iso- 

lates may become the most usual species isolated 

from hospitalized patients shortly. Thus, new thera- 

peutic strategies focused on treating infections with 

these organisms are immediately required. One ap- 

proach to fighting MDR infections is to combine two 

or more antimicrobial agents during a treatment reg- 

imen. This study aimed to evaluate the antimicrobial 

and anti-biofilm activity of silver and gold nanoparti- 

cles alone and in combination with linezolid against 

E. faecalis and E. facieum clinical isolates. 
 

 
 

MATERIALS AND METHODS 

 
Bacterial strains. The isolates applied in this study 

were isolated from hospitalized patients at Shahid 

Beheshti hospital in Kashan, Iran, between 2017 and 

2018. A total 48 of Enterococcus spp. isolates col- 

lected from clinical samples (stool, urine, peritoneal 

fluid, and wound) of hospitalized patients. Isolates 

cultured on blood agar and MacConkey agar and 

incubated at 37°C for 24 hours. Positive isolates ex- 

amined by Gram staining and standard biochemical 

tests such as catalase, PYR, and growing on media 

containing 6.5% salt. All isolates tested in PCR as- 

say to determine the presence of ddlE1 and ddlF1 

genes, which is specific to E. faecalis and E. faecium. 

They were verified by blast analysis in the database 

(http://www.ncbi.nlm.nih.gov/GenBank). 

Primer pairs used for ddlE1 gene with 941 base pair 

chain indicated as follows: Forward: 5'- ATCAAGTA- 

CAGTTAGTCTTTATTAG-3', and Reverse: 5'- AC- 

GATTCAAAGCTAACTGAATCAGT -3' for E. fae- 

calis isolates and ddlF1 gene with 658 base pair chain 

shown as follows: Forward: 5'- TTGAGGCAGAC- 

CAGATTGACG -3', and Reverse: 5'- TATGACAGC- 

GACTCCGATTCC -3' for E. faecium isolates. 

Biofilm formation was examined as explained be- 

fore (8). The exclusion criteria of the study also in- 

cluded enterococci clinical isolates that had a weak 

ability or no ability to form a biofilm. 

 
Biosynthesis of nanoparticles. Au NPs were pur- 

chased from Nanomabna Company, Iran. The com- 

pany produced these materials based on Turkevich 

Method. For the production of silver nanoparticles, 

0.068 mM of silver nitrate was weighed and poured 

into 400 mL of sterilized distilled water, and it was 

dissolved. Then, 5 mL of Luria-Bertani medium (LB) 

was added to it. The solution was placed in an incu- 

bator (First, 24 hours, then, 48 hours, and finally, 72 

hours). Then, it washed three times with water and 

twice with 96% alcohol. The supernatant discarded 

to dispose of any uncoordinated material. The solu- 

tion washed thrice with distilled water to remove the 

remaining proteins or enzymes in the samples. Then 

it centrifuged and washed with alcohol; next, it cen- 

trifuged twice at 10,000 rpm for 20 minutes. After 

sonication, it dried with a vacuum drier for an over- 

night at 50°C (9). 

 
UV–Visible absorbance spectroscopy. Bioreduc- 

tion of Ag+ ions in AgNO3 solution seen with ul- 

traviolet-visible (UV–Vis) spectroscopy (UV-2800, 

BMS). The UV spectrums for 250, 350, 450, 550, 650 

μL concentrations of the AgNO3 solution was mon- 

itored. The UV–Vis absorption spectra for AgNPs 

were observed in a range of 300-800 nm with a UV- 

2800 spectrophotometer. 

 
Fourier transforms infrared spectroscopy. Fou- 

rier transforms infrared (FTIR) spectroscopy method 

applied for the study of functional groups, chemical 

bonding of inorganic and organic samples, and mo- 

http://ijm.tums.ac.ir/
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lecular structure via producing an infrared absorption 

spectrum (Bruker Tensor 27, Germany). 

 
X-ray diffraction. The crystalline nature and 

structural categorization of AgNPs were determined 

through an X-ray diffractometer for the vacuumed 

dried AgNPs. 

 
Scanning electron microscopy. The morphology 

and size of AgNPs were examined by the JEOL- 

6490A-JSM scanning electron microscope (SEM). 

The elemental composition of AgNPs was deter- 

mined with energy dispersive spectroscopy (TES- 

CAN MIRA3). 

 
Determination of MIC. Antimicrobial activity of 

the Ag-nanoparticle and Au-nanoparticle was deter- 

mined by the broth microdilution method. Nanoparti- 

clesat the concentration of 742.5 µg/ml were serially 

(2-fold) diluted Mueller Hinton broth followed by the 

addition of each bacterial lane in their respective wells 

at 5×105  CFU/mL. Each lane was added with vehicle 

control (1% DMSO), positive control, and negative 

controls. Minimum inhibitory concentration (MIC) 

was noticed after incubation for 24 hours at 37°C. 

The lowest concentration of agent which prevented 

the growth has measured the MIC. After incubation 

OD was noted at 600 nm. From the graph, minimum 

inhibitory concentration and amount of inhibition at 

each concentration were calculated (10). 

 
Biofilm activity. The microbial isolates were 

grown in Luria Broth (LB) (Merck, Germany) and 

then maintained for 18 until 24 hours at 37°C. The 

grown bacterial suspension was diluted to 1:100 in 

LB medium, and 200μl of this cell suspension was 

applied to inoculate sterile flat-bottomed 96-well 

polystyrene microtiter plates (BD Biosciences). After 

24 h at 37°C, wells were mildly washed three times 

with 300 μl of distilled water, dried in an inverted 

position, and stained with 300 μl of 2% crystal vio- 

let solution in water for 45 min. After staining, plates 

washed three times with distilled water. Quantitative 

analysis of biofilm formation done by adding 300μl 

of ethanol-acetic acid (95:5, Vol/ Vol) to destain the 

wells. Finally, 100 μl from each well was transported 

to a new polystyrene microtiter plate, and the level 

(optical density; OD) of crystal violet was measured 

at 570 nm using an ELIZA plate reader. Each assay 

performed in triplicate. As a control, the un-inocu- 

lated  medium  was  used  to  determine  background 

OD. The mean OD570 value from the control wells 

was subtracted from the mean OD570 value of test- 

ed wells. According to OD, the isolated bacteria were 

classified into three groups of strong OD 570 ≥ 0.70, 

moderate 0.38 < OD 570 <0.70, and OD570 ≤ 0.38 

weak biofilm formers (10). 

 
Antibiofilm activity. The anti-biofilm activity de- 

termined using the microtiter plate method. For this, 

Enterococcus inoculated in sterile tryptic soy broth 

and incubated for 24 h at 37°C. Then samples centri- 

fuged at 5000 rpm, and the pellet suspended in phos- 

phate buffer (pH 7.0) 1mg/ml stock of all nanoparti- 

cles prepared. Briefly, 200µl medium with 1/2MIC, 

MIC, 2×MIC concentrationsof nanoparticles inocu- 

lated with 10 µl of bacterial suspension to 5×105 CFU/ 

ml concentration and incubated for 24h at 37°C. After 

incubation, the wells drained, washed with phosphate 

buffer saline (PBS), fixed with cold methanol, and 

then stained with 1% crystal violet for 30 min. The 

intensity of suspension measured at 570 nm, and per- 

cent of biofilm inhibition calculated using the equa- 

tion given below (10). 

Percentage of biofilm inhibition= (OD 570 control 

- OD 570 treatment/ OD570 control) * 100 

 
Synergy testing 

 
Fractional inhibitory concentration (FIC). The 

antimicrobial synergy effect of linezolid-AgNPs and 

linezolid-AuNPs was assessed by the same technique. 

Briefly, FIC to AgNPs , AuNPs, and linezolid antibi- 

otics and synergism between them were tested using 

checkerboard microtiter plate assay (11). The mini- 

mum concentration of each of the mentioned antimi- 

crobial substances that inhibited the growth of the in- 

dicator organism after 18 hours of incubation at 37ºC 

was known as the MIC of each of the antimicrobial 

substances. The MIC of each nanoparticles or antibi- 

otic were obtained and two higher (2×MIC) and two 

lower concentrations (1/2MIC) were investigated. To 

assess the result of the combination, the fractional in- 

hibitory concentration (FIC) calculated for each anti- 

biotic in each combination like this: FIC index=FIC 

of drug A+FIC of drug B; where FIC of drug A=MIC 

of drug A in combination/MIC of drug A alone; and 

FIC of drug B=MIC of drug B in combination/MIC 

of drug B alone. The results were interpreted as syn- 

ergism if the FIC index ≤0.5; additive effect if the FIC 

http://ijm.tums.ac.ir/
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index of >0.5 and ≤4; and antagonism if the FIC index 

>4. The procedure was replicated three times (11). 

 
Statistical analysis. Data were analyzed in spss16. 

Statistical analyses performed based on Kolmogorov- 

Smirnov, Kruskal-Wallis, and Mann-Whitney tests. 
 

 
 

RESULTS 

 
Bacterial strains and biofilm activity. Among all 

Enterococcus isolates collected, only strong and mod- 

erate biofilm producing isolates, which included for- 

ty-eight isolates, were examined in this study. Other 

isolates were excluded from the study. Out of these 

bacterial isolates, 27 (56.3%) were prepared from fe- 

ces, 15 (31.3%) were prepared from a urine culture, 

and other isolates were prepared from ulcer, tissue, 

and peritoneum. 

Twenty-two E. faecium isolates and twenty-six E. 

faecalis included in this study. Strong biofilm was 

seen in 12 (25%) of isolates, and others formed mod- 

erate biofilm. 

 
Biosynthesis of nanoparticles AgNPs 

 
UV-vis. Spectroscopic analysis of silver nanoparti- 

cles synthesized with Luria Bertani Broth (LB) micro- 

bial culture medium with a spectrophotometer (UV- 

vis) and determining the maximum optical absorption 

at a wavelength of 420 nm in the wavelength range 

of 300 to 800 nm, which confirms the synthesis and 

creation of nanoparticles silver in small size (Fig. 1). 

 
FTIR. Infrared spectroscopy (FTIR) analysis of sil- 

ver nanoparticles produced using brain heart infusion 

broth culture medium showed the presence of absorp- 

tion bands in the range of 1540-1640/cm, which indi- 

cates that the reduction and stability factor of silver 

nanoparticles is protein (Fig. 2). 

 
XRD. The X-ray diffraction (XRD) diagram of the 

synthesized silver nanoparticles, based on the speci- 

fied positions, which include 27.8630, 32.2796, 35.13, 

38.15, 46.2724, 54.861, 64.58, 57.51, 74.491, 76.771, 

77.47, the existence of silver nanoparticles has been 

confirmed (Fig. 3). 

 
EDX. X-ray Energy Diffraction Spectroscopy (EDX) 

diagram of silver nanoparticles shows the elements 

 

 
 

 
 

 
Fig. 1. Spectroscopic analysis of AgNPs synthesized with 

Luria Bertani Broth (LB) microbial culture medium with 

UV-vis and determining the maximum optical absorption at 

a wavelength of 420 nm in the wavelength range of 300 to 

800 nm. 
 

 

 
 
Fig. 2. FTIR analysis of AgNPs produced using brain heart 

infusion broth culture medium showed the presence of ab- 

sorption bands in the range of 1540-1640/cm, which indi- 

cates that the reduction and stability factor of silver nanopar- 

ticles is protein. 

 

 

 
 
Fig. 3. The X-ray diffraction (XRD) diagram of the synthe- 

sized silver nanoparticles, based on the specified positions, 

which include 27.8630, 32.2796, 35.13, 38.15, 46.2724, 

54.861, 64.58, 57.51, 74.491, 76.771, 77.47, the existence 

of silver nanoparticles has been confirmed. 
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present in the production sample, which includes sil- 

ver at the rate of 78.5% and carbon and chlorine ele- 

ments at a lower percentage (Fig. 4). 

 
SEM. The scanning electron microscope (SEM) of 

the synthesized silver nanoparticles at the scale of 200 

nm determines the square shape and size of the syn- 

thesized silver nanoparticles. The size of nanoparti- 

cles was between 20 and 100 nm (Fig. 5). 

 
Biosynthesis of nanoparticles AuNPs 

 
UV-vis. Spectroscopic analysis of gold nanoparticles 

with a spectrophotometer (UV-vis) and determining 

the maximum optical absorption at a wavelength of 

521 nm in the wavelength range of 400 to 1000 nm, 

which is a confirmation of the synthesis and creation 

of gold particles (Fig. 6). 

 
FTIR. Infrared spectroscopy (FTIR) analysis of pro- 

duced gold nanoparticles, the presence of absorption 

bands in the range of 1540-1640, >3000/cm. It rep- 

resents the functional group N-H, primary and second- 

ary amine, and the range of 540-760/cm represents the 

functional group C-X related to chloroalkanes. These 

functional groups were agents for reduction and syn- 

thesis of gold nanoparticles (Fig. 7). 

 
EDX. X-ray Energy Diffraction Spectroscopy (EDX) 

graph of gold nanoparticles shows the elements in the 

production sample which contains gold in the amount 

of 76.3% (Fig. 8). 

 
SEM. Scanning Electron Microscope (SEM) of 

synthesized gold nanoparticles on a scale of 200 nm 

determines the shape and size of synthesized gold 

nanoparticles (Fig. 9). 

 
Determination of MIC. The MIC values of AuNPs 

group was 92.19 μg/ml ± 31.86 (Minimum 75, Maxi- 

mum 150); followed by the Ag-NPs group with 23.17 

μg/ml ± 4.48 (Minimum 12, Maximum 25), and the 

lowest MIC was obtained 2 μg/ml in linezolid. The 

difference between groups was significant (p<0.001) 

(Chart 1). The MIC90 values AgNPs and AuNPs of 

Enterococcus isolates were 23.17 and 92.19 μg/ml re- 

spectively. The percentage of biofilm inhibition com- 

pared in all groups by level of concentration as shown 

in Table 1. In low (1/2MIC), optimum (MIC), and 

high dose (2×MIC) concentrations, the most percent- 

 
 
 

 
 
Fig. 4. EDX diagram of silver nanoparticles shows the ele- 

ments present in the production sample, which includes sil- 

ver at the rate of 78.5% and carbon and chlorine elements at 

a lower percentage. 

 
 

 
 

Fig. 5. Scanning electron micrographs (SEM) of AgNPs by 

TESCAN MIRA3, The size of nanoparticles (L1-L5) were 

between 20 and 100 nm. 

 
age of inhibition were seen in AgNPs-linezolid and 

AuNPs-linezolid; while the difference between com- 

bination therapies was significant with single therapy 

in all doses. The P-value of the difference in high and 

lower dose was 0.001 and 0.005, respectively. Pair- 

wise comparison of the study groups in terms of bio- 

film inhibition in single therapy showed no significant 

difference between AgNPs and AuNPs in all doses. 

 
Anti-biofilm activity and Synergy testing. The 

percentage of biofilm inhibition is shown in Chart 2. 

The rate of the combined effect of AuNPs-linezolid 

was  compared  with AgNPs-linezolid,  as  shown  in 

http://ijm.tums.ac.ir/
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Fig. 6. UV-vis of AuNPs that determining the maximum 

optical absorption at a wavelength of 521 nm in the wave- 

length range of 400 to 1000 nm, which is a confirmation of 

the synthesis and creation of gold particle. 
 

 

 
 

Fig. 7. FTIR analysis of produced gold nanoparticles, the 

presence of absorption bands in the range of 1540-1640, 

>3000/cm. It represents the functional group N-H, prima- 

ry and secondary amine, and the range of 540-760/cm rep- 

resents the functional group C-X related to chloroalkanes. 

 

 
 

Fig. 8. EDX graph of gold nanoparticles shows the elements 

in the production sample which contains gold in the amount 

of 76.3%. 

 

 
 
Fig. 9. Scanning electron micrographs (SEM) of AuNPs, 

The size of nanoparticles were between 8 and 15 nm. 

 

 

Chart 1. The level of biofilm changes before and after the 

intervention 

 
Table 2, in the optimum and low concentrations; the 

difference between the two groups was significant in 

term of FBIC. However, it is not significant at high 

concentrations. Synergism effect in three concentra- 

tions (1/2MIC, MIC, and 2×MIC) compared between 

two combination groups of AgNPs-linezolid, and 

AuNPs-linezolid shown in Chart 3. It is shown that 

AgNPs-linezolid had a more synergistic effect than 

AuNPs-linezolid in all concentrations, but except for a 

high concentration group, the difference was not signif- 

icant in other concentrations (p=0.028). The outcome 

of combinational antibiofilm activities of AgNPs and 

AuNPs with linezolid described in Table 3. On aver- 

http://ijm.tums.ac.ir/
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Table 1. MIC distribution in three studied groups 
 

 
                                               Groups   

P value AuNPs Linezolid AgNPs   

 92.19 2 23.17 Average 

 31.86 0 4.48 Standard Deviation 
<0.001 75 2 12 Least MIC (µg/ml) 

 150 2 25 Most  
 75 2 25 Middle  
 75 2 25 Mode  

 

 

 

Chart 2. Comparison of percent of biofilm inhibition between E. faecium and E. faecalis in five study groups by level of con- 

centration (Linezolid, AgNPs, AuNPs, Linezolid+AgNPs, Linezolid+AuNPs). 

High: 2×MIC; Optimum: MIC; Low: 1/2MIC 

 
age, 69 to 83% of Enterococcus isolates had synergis- 

tic properties in all three mentioned concentrations 

(1/2MIC, MIC, and 2×MIC) in the combination of 

nanoparticles with linezolid. However,combination of 

AgNPs-linezolid had a more synergic effect than the 

combination of AuNPs-linezolid in all concentrations 

in E. faecalis significantly, while the difference in E. 

faecium was not significant. A comparison of FBIC at 

different levels is shown in Table 4. Therefore, it is 

identified that the difference between the two groups 

(AgNPs-linezolid and AuNPs-linezolid) in MIC and 

½ MIC concentration is significant based of FBIC, but 

the difference between the two groups is not signifi- 

cant at the FBIC 2*MIC level. 
 

 
 
DISCUSSION 

 
For the synthesis of AgNPs, Luria Bertani medium 

was used. It is considered as a new method to date 

(9). The advantage of this synthesis method over the 

chemical and physical method is the production and 

stability of silver nanoparticles in one step, low toxic- 

ity, and saving in time and cost. The size and surface 

http://ijm.tums.ac.ir/
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Table 2. percentage of biofilm inhibition compared in all groups by level of concentration 

 

Groups Low Concentration 

Inhibition (1/2MIC) 

Mean (SD) 

Optimum Concentration 

Inhibition (MIC) Mean 

(SD) 

High Concentration 

Inhibition (2×MIC) 

Mean (SD) 
Silver 44.66 (18.93) 59.19 (15.79) 78.87 (8.96) 
Linezolid 57.18 (17.05) 57.62 (16.78) 57.92 (16.90) 
Gold 46.55 (23.12) 60.31 (17.79) 73.70 (13.59) 
Silver-linezolid 91.86 (8.05) 94.18 (7.02) 95.41 (8.36) 
Gold-linezolid 89.78 (8.65) 91.56 (8.69) 94.53 (6.68) 
P value* <0.001 <0.001 <0.001 

 

* Kruskal Wallis Test 

 

 
Chart 3. Comparison of the synergism effect of Linezolid + AgNPs and Linezolid + AuNPs in Enterococcus isolates at opti- 

mum, high and low concentrations 

High: 2×MIC; Optimum: MIC; Low: 1/2MIC 

 
coating of silver nanoparticles has an important role 

in antibacterial activity. AuNPs show antibacterial ef- 

fect by making a change in membrane potential, in- 

hibiting ATPase, and preventing the subunit of the ri- 

bosome for tRNA (12). AuNPs have been considered 

in biotechnology owing to their unique properties and 

multifunctional surface. This multidimensional sur- 

face is used to bind oligonucleotides, antibiotics, and 

proteins (12, 13). The antibacterial properties of gold 

nanoparticles showed that spherical gold nanoparti- 

cles with a maximum optical density of 534 nm and a 

mean size 17 to 11 nm had a good antibacterial activ- 

ity against Gram-positive bacteria (12). In this study, 

it was shown that the FBIC level was significantly 

different in the two combined groups at basic (MIC) 

and low concentrations (1//2 MIC). These results are 

consistent with the study conducted by Salunke et al. 

in 2014 in confirming the inhibition of planktonic 

bacterial growth and reduction of biofilm level (14). 

Treatment with the gold nanoparticles covered with 

indolicidin (AuNPs-indolicidin), considerably pre- 

vents the ability of C. albicans to form biofilms and 

http://ijm.tums.ac.ir/
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Table 3. The outcome of combinational anti-biofilm activities of AgNPs and AuNPs with Linezolid 

 

Group Outcome AgNPs + linezolid 

No. (%) 
AuNPs + Linezolid 

No. (%) 
2×MIC Synergism 39 (81.3) 34 (70.8) 

 Additive 3 (6.3) 11 (22.9) 

 Indifference 4 (8.3) 0 (0) 

 Antagonism 2 (4.2) 3 (6.3) 
MIC Synergism 40 (83.3) 33 (68.8) 

 Additive 4 (8.3) 7 (14.8) 

 Indifference 3 (6.3) 5 (10.4) 

 Antagonism 1 (2.1) 3 (6.3) 
1/2MIC Synergism 38 (79.2) 33 (68.8) 

 Additive 6 (12.5) 8 (16.7) 

 Indifference 2 (4.2) 5 (10.4) 

 Antagonism 2 (4.2) 2 (4.2) 

 

Synergism: FIC index ≤0.5; additive effect: FIC index of >0.5 and ≤4; FIC index of 1–2: indifference; antagonism: FIC index 

>4. 

 
Table 4. Comparison of FBIC at different levels in com- 

bined study groups 

induced by ATP-related metabolism rather than by 

the permeability of the outer membrane. Moreover, 

                                                                                             AgNPs produced hydroxyl radicals, a highly reactive 

FBIC Ag                     Au P              oxygen species made by bactericidal agents. AgNPs 

Concentration NPs+Linezolid NPs+Linezolid value* have likely as a combination therapeutic agent for the 
 

 
High (2×MIC) 

Optimum (MIC) 

Low (1/2 MIC) 

Mean (SD) 

0.41 (0.80) 

0.32 (0.44) 

0.38 (0.47) 

Mean (SD) 

0.46 (0.73) 

0.53 (0.46) 

0.53 (0.58) 

 

 
0.122 

0.007 

0.006 

management of infectious diseases (19-23). Linezolid 

combination therapy may be a suitable method to im- 

prove effectiveness and prevent the development of 

resistance of vancomycin-resistant E. faecium (24). 

Treatment for enterococcal infections is complex by 

*Mann-Whitney Test 

 
damages mature biofilms (15). The synergism effects 

of gold nanoparticles with antibiotics were similar to 

other studies. Vijayakumar et al. described that the 

gold nanoparticles synthesized using Musa paradisi- 

aca peel extract (MPPE-AuNPs) effectively inhibited 

the biofilm of E. faecalis when experienced at 100- 

μg mL-1 (16). Synergistic interactions observed when 

combinations of AgNPs and the conventional anti- 

biotics tested against isolates of methicillin-resistant 

Staphylococcus aureus (17). Combination therapy 

can be used to combat serious infections caused by 

multidrug-resistant bacteria. Katva et al. described 

that the combination of AgNPs with chloramphen- 

icol and gentamicin has an enhanced antibacterial 

effect, and the combined effect of AgNPs with an- 

tibiotics was more as compared to AgNPs alone, 

which signify the synergistic effect of these nanopar- 

ticles (18). The antibacterial activity of AgNPs was 

the fact that strains show inherent resistance to too 

many usually applied agents (23). As well, entero- 

cocci have obtained resistance to an extensive kind 

of antibiotic classes. The collective use of antibiotics 

with nanoparticles appears to be the most hopeful 

therapeutic choice for bacterial biofilm. Consistent 

with our study, the combination of AgNPs with 

linezolid could be a successful solution to decrease 

biofilm at lesser and fewer toxic doses. This study 

defines the antibacterial and anti-biofilm efficacy of 

the AgNPs synthesized by the LB medium. The most 

important advantages of this technique in excess of 

chemical procedures is little harmfulness and shorter 

manufacturing period and it is more affordable, as 

well as, nanoparticles that are created in vitro, physi- 

cally affinity to be agglomerate; So it is necessary to 

stabilize these materials, but, with this present meth- 

od, procedures and stability done simultaneously by 

LB medium. AgNPs prepared exhibited effective in- 

hibition of biofilm formation. The inhibitory effect 
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of silver nanoparticles on the growth of enterococci 

biofilm was greater than gold nanoparticles, and this 

issue was observed at low concentrations. 
 

 
 

CONCLUSION 

 
As a result, it is better to use a silver nanoscale 

that is more cost-effective. The antibiofilm activity of 

AgNPs and AuNPs increased when both agents were 

used in combination with linezolid in comparison 

with each agent alone. These results suggest that the 

combination of AgNPs, AuNPs with linezolid can 

have clinical effects in the treatment of enterococcal 

infections. However, in vivo studies are needed be- 

fore recommending the use of these nanoparticles in 

safety in clinical conditions. 
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