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INTRODUCTION
Nanotechnology deals with the synthesis and applications of 
nanostructures in various areas such as chemistry, physics, biology, 
and medicine.[1] Nanoparticles produced from metals are called metal 
nanoparticles which can also be synthesized using biological sources.[2‑9] 
Due to strong antimicrobial activity[10] and use in water treatment,[11,12] silver 
nanoparticles  (AgNPs) have received much more interest as compared 
to other metallic nanoparticles. Nanoparticles which are intentionally 
created are called engineered nanoparticles  (ENPs).[13,14] Due to various 
applications of nanoparticles in numerous areas use of ENPs will result 
in accumulation of various toxic byproducts of ENPs in the ecosystem. 
In this regard looking at the toxic nature of ENPs people have started 

synthesizing nanoparticles from a biological source.[15] In the recent past, 
nanoparticles have been synthesized using bacteria, plants, and fungus. 
Biological methods were adopted by people as they were easy to synthesize, 
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ABSTRACT
Background: Enterococcus faecalis (Ef) is a multidrug‑resistant pathogenic 
bacteria associated with hospital‑acquired infections. Ef is involved in a 
number of infectious diseases. It generally infects patients with the weekend 
immune system, i.e. a person mostly acquires Ef infections in the hospital, 
especially in intensive care units and thus, is more likely to be resistant 
to many antibiotics. Development of resistance against various antibiotics 
and emergence of drug‑resistant strains is a growing global concern. 
Objective: Due to the unselective use of antibiotics for a long time multidrug 
resistant bacteria and extensively drug‑resistant, which is now posing a new 
challenge to the medical community. To treat infections caused by Ef, the 
synergistic effect of different antibiotics with silver nanoparticles  (AgNPs) 
was tested against Ef. Materials and Methods: In the present study, 
synthesis of AgNPs was carried out from the cell‑free supernatant of 
Klebsiella pneumoniae. AgNPs were characterized using various techniques, 
namely, ultraviolet‑visible spectrophotometry, transmission electron 
microscopy, and Fourier transform infrared spectroscopy. Moreover, process 
optimization was done for enhanced production of AgNPs. In addition, 
antimicrobial activity of the nanoparticles was also tested. Furthermore, the 
nanoparticles were evaluated for their antimicrobial activities in combination 
with gentamicin and chloramphenicol, against Ef. Results: The results 
showed that the combination of gentamicin and chloramphenicol with 
AgNPs has a better antibacterial effect. To add to this, hemolytic activity of 
AgNPs was evaluated against human red blood corpuscles (RBCs). AgNPs 
were found to be nontoxic to RBCs. Conclusion: The collective effect of 
AgNps with Gentamicin and Chloramphenicol was more as compared to 
AgNps alone which indicate the synergistic effect of these components. 
These observations show the potential of AgNPs in combination with 
above‑stated antibiotics against Ef infections.
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SUMMARY
•  Enterococcus faecalis (Ef) is a multidrug‑resistant bacteria with is resistant to 

wide range of antibiotics
•  Due to this increasing resistance, there is a need to find a new approach to 

overcome the infections caused by Ef
•  The combined effect of silver nanoparticles  (AgNPs) with gentamicin and 

chloramphenicol was notably seen against Ef

•  Furthermore, the AgNPs were nontoxic to the human red blood corpuscles 
which confirm its nontoxic nature.

Abbreviations used: Ef: Enterococcus faecalis, MDR: Multidrug resistance, 
AgNPs: Silver nanoparticles, Kp: Klebsiella pneumoniae, RBCs: Red blood 
corpuscles, ENPs: Engineered nanoparticles, FTIR: Fourier transform infrared 
spectroscopy, TEM: Transmission electron microscopy, AgNO3: Silver 
nitrate, EDTA: Ethylenediaminetetraacetic acid, 
PBS: Phosphate‑buffered saline.
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toxicity issues were less as compared to ENPs, and the conditions can be 
better optimized in case of biological synthesis as compared to ENPs. It 
has been reported[16] that the growing resistance of many bacterial strains 
to traditional antibiotics has led to the development of other more potent 
methods for controlling bacterial infections. The antibacterial nature of 
silver is enhanced in the form of nanoparticles as AgNPs has been reported 
to have the ability to penetrate the bacterial cell wall and damage the cell 
membrane that leads to the death of the cell.[12] AgNPs were reported to 
have antibacterial activity against a number of bacterial species.[14,17,18] 
The presence of protein caps in nanoparticles helps in stabilization and 
binding to cell surface receptor results in increased binding and uptake 
of drug or genetic material on human cells.[15,16] The present study deals 
with the extracellular biosynthesis of AgNPs, using cell filtrate of Klebsiella 
pneumoniae (Kp). Nanoparticle synthesis was also optimized with respect 
to temperature, pH and silver nitrate (AgNO3) concentration. Furthermore, 
characterization of AgNPs was carried out using ultraviolet (UV)‑visible 
spectrophotometry, Fourier transforms infrared spectroscopy (FTIR) and 
transmission electron microscopy (TEM). Moreover, antimicrobial studies 
have also been elucidated against Enterococcus faecalis  (Ef) in different 
concentrations, and antimicrobial studies of AgNPs have also been done in 
combination with gentamicin and chloramphenicol. The collective effect 
of gentamicin and chloramphenicol conjugated with AgNP is observed 
to be more as compared to the antibiotics and AgNPs alone. Thus, this 
study suggests the synergistic usage of AgNP with gentamicin and 
chloramphenicol which will help combat the growing resistance against 
gentamicin and chloramphenicol.

MATERIALS AND METHODS
Chemicals, reagents, and culture strains
The chemicals and reagents used in the experiments were purchased 
from Hi‑media, India. The bacterial strains used in the experiments were 
procured from National Centre for Cell Sciences (NCCS), Pune, India.

Synthesis of silver nanoparticles from Klebsiella 
pneumoniae
AgNPs were synthesized using primary broth culture of Kp was added in 
200 ml of Nutrient Broth in test tubes with one control (without inoculation). 
After inoculation, the test tubes were incubated at 37°C for 24 h in a shaker 
incubator. After the 24  h of incubation, the culture was centrifuged at 
8000 rpm for 10 min. After centrifugation, the supernatant was collected in 
other autoclaved test tubes, and the pellet was discarded. 2 mM AgNO3 was 
added to the supernatant of Kp under sterilized conditions, and the tubes 
were monitored at the regular interval for color change.

Characterization of bacterial silver nanoparticles
The synthesized nanoparticles were characterized using different techniques.

Analysis by ultraviolet-Vis spectroscopy
After addition of AgNO3 in cell‑free supernatant of Kp, it was incubated 
for 1–2 days. UV‑visible absorption measurements were carried out on 
SL 164 Double Beam UV‑visible Spectrophotometer at 300–800  nm 
wavelength at the interval of 10 nm.

Fourier transform infrared spectroscopy analysis
Further FTIR measurements were made to locate the possible 
biomolecules, which are responsible for the reduction of silver ions 
to AgNPs and stabilization of AgNPs in colloidal solution. For FTIR 
analysis samples were mixed with potassium bromide in the ratio of 
1:100. The recurrence extent is measured as wave numbers normally 
over the reach 4000–600 cm−1.

Transmission electron microscopy analysis
To examine the size of synthesized AgNPs the transmission electron 
microscopic analysis was performed. For TEM measurements, a drop of 
solution containing synthesized AgNPs was placed on the carbon coated 
copper grids and kept in infrared light until sample gets dried before 
loading them onto a specimen holder. TEM micrographs were taken and 
size and shapes were analyzed.

Optimization of silver nanoparticles synthesis
Effect of silver nitrate concentration
The concentration of AgNO3 was varied between 0.5 mM to 4 mM. 
Samples with different AgNO3 concentrations were incubated for 
2 days. UV‑visible spectra were recorded at regular time interval from 
24 to 72 h.

Effect of pH
Effect of change in pH was seen on the synthesis of AgNPs. pH value 
ranging from 2.0 to 11.0 were used to analyze the effect of change in pH 
on the rate of AgNPs synthesis. pH was adjusted using 0.1N HCl and 
0.1N NaOH. Samples were incubated for 2 days and UV‑visible spectra 
were recorded.

Effect of temperature
AgNPs synthesis was also optimized with respect to change in 
temperature. Temperature ranging from 30°C to 80°C was used for 
synthesis of nanoparticles. After sample incubation for 2 days, UV‑visible 
spectra were recorded.

Antibacterial assay test by disc diffusion method
The antibacterial assays were performed using standard disc diffusion 
method (Kirby‑Bauer method) in Nutrient agar (NA) media. The fresh 
overnight culture of inoculum (200 μl) of Ef was spread onto solidified 
NA plates. AgNPs was purified by centrifuging supernatant at 10,000 rpm 
followed up by washing it twice with sterile water. Sterile paper discs 
were made of Whatman filter paper  (Grade‑1) of 4  mm diameter, 
impregnated with standard antibiotic concentrations and combinations 
and nanoparticles solution and a control disc (sterile paper disc dipped 
in water) were placed on each plate. The cultured agar plates were 
incubated at 37°C for 24 h. After 24 h of incubation, inhibition zones 
were observed.

Antibacterial assay test in broth media
The antibacterial assays were also performed in suspension cultures of 
Ef. The test Ef species was inoculated in nutrient broth media in different 
culture tubes. One of the tubes was kept as control in which no AgNPs 
were added and other with 10 µg silver nanoparticle solution. UV‑visible 
spectra were recorded at regular time interval from 24 to 72 h.

Synergistic activity test of chloramphenicol and 
gentamicin with nanoparticles
Synergistic activity of the AgNPs with chloramphenicol and gentamicin 
was studied in different combinations as AgNP+chloramphenicol, 
AgNP+gentamicin, chloramphenicol+gentamicin, and 
chloramphenicol+gentamicin+AgNP by disc diffusion method 
(Kirby‑Bauer method). NA plates were prepared and streaked evenly with 
Ef culture. Antibiotic discs were prepared by impregnating sterile discs in 
sterile water (for control), AgNP, chloramphenicol and gentamicin, singly 
and in combinations, AgNP+chloramphenicol, AgNP+gentamicin, 
chloramphenicol+gentamicin and chloramphenicol+gentamicin+AgNP 
and in uniform concentration, i.e.,  10  µg of each component. 
These discs were placed in the Ef streaked NA plates in quadratic 
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manner as control, AgNP, chloramphenicol  +  gentamicin and 
chloramphenicol + gentamicin + AgNP and incubated for 24 h at 37°C.

Hemolysis assay
The hemolytic assay was done to study the hemolytic activity of AgNPs 
with human erythrocytes. To perform hemolytic assay, about 10 ml of 
blood was taken from human volunteer. Blood sample was added in a 
tube containing ethylenediaminetetraacetic acid. After addition of the 
sample, it was centrifuged at 3000 rpm for 15 min. RBCs were isolated 
by discarding the supernatant and white blood cell. The RBC pellet was 
washed with phosphate‑buffered saline (PBS). RBCs prediluted in PBS 
were added to AgNPs ranging from 10 µg/ml to 100 µg/ml. RBCs mixed 
with 1.5 ml triton X‑100 was taken as positive control. All the samples 
were incubated at 37°C for 1 h, followed by centrifugation at 3000 rpm 
for 15 min and the supernatant was used for spectroscopic analysis at 
540 nm. The percentage of hemolysis was calculated from the formula:
OD540  (sample) − OD540  (0% lysis)/OD540  (100% lysis) − 
OD540 (0% lysis) ×100%

RESULTS
Preparation of bacterial culture
A loop full of lyophilized Kp (procured from NCCS, Pune) culture was 
inoculated into 10 ml sterile nutrient broth and incubated overnight at 
37°C in shaker incubator  (primary culture). Then, from this primary 
culture, 1  ml was inoculated in 100  ml sterile nutrient broth and 
incubated overnight at 37°C in shaker incubator  (secondary culture). 
This was further used for synthesis of AgNP.

Synthesis of silver nanoparticles
After 90  h incubation, the color of bacterial supernatant containing 
AgNO3 was changed perfectly from yellow to brown because of reduction 
of Ag  +  to Ag0 due to excitation of surface plasmon vibrations in the 
particles, and thus provide a convenient means of visually determining 
their presence in the samples and there is no change in color in 
uninoculated  (control) sample  [Figure  1]. It showed the successful 
synthesis of AgNPs by the bacteria.

Characterization of silver nanoparticles
The synthesis of AgNPs was confirmed by UV‑visible 
spectrophotometer (Thermo Scientific). The change in color of AgNO3 

treated culture supernatant initially indicated the formation of AgNPs. 
The oscillation waves of electrons of AgNPs are in resonance with the 
light waves gives increase to a unique surface plasmon resonance (SPR) 
absorption band  (400–440  nm), which is also the origin of the 
observed color. Thus, the extracellular synthesis of AgNPs using Ef 
was monitored in UV‑visible spectroscopy. The UV‑visible absorption 
spectra of the AgNPs were observed in a range of 300–800 nm. A strong 
peak specific for the synthesis of AgNPs was obtained at 420–430 nm. 
According to the observation UV‑visible spectra recorded at different 
time intervals showed increased absorbance with increasing time of 
incubation. The absorbance spectra of reaction mixture containing 
aqueous solution of 2 mM silver nitrate and the pellet of bacteria 
after incubation was recorded  [Figure  2]. In the recent years, various 
studies have characterized the size of AgNPs by TEM. TEM analysis 
was also done to further characterize the nanoparticles and it was 
found that synthesized AgNPs were nearly 20 nm sizes and found to be 
well dispersed in aqueous medium [Figure 3]. FTIR analysis was also 
done for the characterization of AgNPs. FTIR absorption spectrum of 
AgNP powder is shown in Figure 4. The absorbance bands analysis in 
bioreduction and absorbed in the regions is 3424.53, 1575.69, 1402.82, 
and 1076.05. The presence of peak at 3424.53 cm−1 corresponds to N–H 
stretch which belongs to primary and secondary amines. The peaks seen 
at 1575.69 cm−1 is assigned to stretching vibrations of–COO–  groups 
present in amino acid residues in the protein. The peaks seen at 1402.82 
and 1076.05 cm−1 correspond to–C–N stretching vibrations. In this 
regard, it can be stated that, FTIR spectrum analysis established the 
presence of capping protein around the AgNPs synthesized from culture 
supernatant of Kp.

Optimization of silver nanoparticles synthesis
Optimization with respect to silver nitrate concentration
AgNO3 concentration ranging from 0.5 mM to 4 mM was used for 
synthesis of AgNPs. Different concentrations of AgNO3 were added 
in the culture supernatant of Kp and absorbance was taken at regular 
intervals from 24 to 120 h. It was observed that maximum peak was 
obtained at 2 mM AgNO3 concentration at 430  nm. Synthesis rate 
was less at concentration more or  <2 mM AgNO3 concentration. 
It was also observed that for all the concentrations of AgNO3 
used, the amount of synthesis of AgNPs was highest at 90 h of 
incubation [Figure 5].

Figure  1: Uninoculated media and bacterial culture with 2 mM silver 
nitrate Figure 2: Optical Density (OD) scan at ultraviolet visible spectra
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Optimization with respect to pH
pH value ranging from pH 2 to pH 11 were used for synthesis of AgNPs. 
AgNO3 were added in culture supernatant of Kp with varying pH 
ranges. Absorbance at 430 nm was taken for all the samples at regular 
intervals from 24 to 120 h. It was observed that maximum value at 430 
was observed at pH  8. It was also observed that for all the pH values 
used the amount of synthesis of AgNPs was highest at pH 8 at 90 h of 
incubation [Figure 6].

Optimization with respect to temperature
Temperatures ranging from 30°C to 90°C were used for synthesis of AgNPs. 
AgNO3 were added in culture supernatant of Kp with varying temperature 
ranges. For all set of reactions pH was 8 and AgNO3 concentration was 
2 mM. Synthesis of AgNPs was monitored after every 8–10 h. Maximum 
value at 430 nm was obtained at 70°C and it remained stable for longer 
time period, indicated rapid and stabilized synthesis [Figure 7].

Antibacterial activity of silver nanoparticles
The antimicrobial activity of the synthesized AgNPs was tested 
against Ef. As indicated from the observations, the zone of inhibition 
increased with the increase in the concentration of AgNPs [Table 1]. The 

antibacterial activity against Ef was measured by measuring the diameter 
of the zone of inhibition. According to the observations, the reaction 
mixture containing AgNPs exhibited antimicrobial activity against the 
test bacteria.

Antibacterial assay test in broth media
The antibacterial activity of the synthesized AgNPs was also evaluated 
in broth media against Ef. In the control sample where no AgNPs were 
added in the media the growth was found to be normal. The absorbance 
was taken at regular intervals and it was observed that the value increased 
randomly indicating normal bacterial growth. However when AgNPs 
were added in the culture media, it was observed that the growth of the 
bacteria was reduced which was indicated by decrease in absorbance 
recorded after regular interval [Figure 8].

Synergistic effect of chloramphenicol and 
gentamicin with nanoparticles
When tested together the combination of antibiotic‑antibiotic, 
antibiotic‑nanoparticles, and antibiotic‑antibiotic‑nanoparticles 
worked in an effective manner and the combination showed 
synergistic effect against Ef. Chloramphenicol  +  gentamicin were 
added in combination with AgNPs separately and together as 

Figure 4: Fourier transform infrared spectroscopy spectra of synthesized 
silver nanoparticles

Figure 3: Transmission electron microscopy images of silver nanoparticles 
at (a) low and (b) high magnification

ba

Figure  5: Optimization of silver nitrate concentration for silver 
nanoparticle synthesis Figure 6: pH optimization of silver nanoparticle synthesis
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chloramphenicol + gentamicin + AgNp. Enhancement of antibacterial 
activities of Chloramphenicol and Gentamicin was observed by 
measuring the diameter of the zone of inhibition of the combined 
antibiotics with the nanoparticles. The overall result is shown in 
Table 1.

Hemolysis assay
The results of the hemolytic studies of AgNPs on diluted human RBC for 
1 h of incubation are shown in Table 2. It was observed that incubation 
of AgNPs with RBCs did not cause any hemolysis when absorbance 
values were taken. The absorbance value of RBCs in PBS and in 1% triton 
X‑100 was used along with the values of RBCs treated with AgNPs in six 
different concentrations on the formula.

DISCUSSION
Ef is a Gram‑positive bacterial pathogen which causes a large number 
of infections. It is well documented that resistance of Ef for different 
antibiotics is increasing with time. This increase in the resistance 
to different antibiotics can be controlled using new approaches. In 
this regard, it is worth mentioning here that silver also possesses 
antimicrobial properties mostly in the form of nanoparticles. As the 
resistance to different antibiotic is increasing day by day silver has again 
gained importance as an antimicrobial agent.[19] It is already reported 
that the antimicrobial activity of AgNPs is more than the antimicrobial 
activity of silver metal alone.[20] We have previously reported synthesis of 
AgNPs from biological sources and its optimization as well as potential 
applications.[21‑24] In this study, we have studied the combined effects 
of AgNPs with gentamicin and chloramphenicol against Ef bacteria 
using the disc‑diffusion method. It was observed that the antimicrobial 
effect of AgNPs increased with increase in the AgNPs concentration. 
When AgNPs were used in combination with either of the antibiotics 
it showed increased antimicrobial effect. To add to this, we also studied 
the synergistic effect of the antibiotics alone and the antibiotics in 
combination with AgNPs. It was observed that the synergistic effect of 
the three showed the maximum antimicrobial effect. Gentamicin and 
chloramphenicol are both protein synthesis inhibitors. Gentamicin 
works by irreversibly binding the 30 s subunit of the bacterial ribosome, 
interrupting protein synthesis, whereas chloramphenicol prevents 
protein chain elongation by inhibiting the peptidyl transferase activity of 
the bacterial ribosome. The combined effect of AgNPs with gentamicin 
and chloramphenicol was notably seen against Ef. The exact mechanism of 
the action is still under investigation; however, several mechanisms have 

been proposed. It has been reported that as compared to AgNPs alone 
the combination of antibiotic + AgNPs complexes will release Ag + at a 
higher rate, moreover it has also been proposed that the combination of 
antibiotic with AgNPs through the active groups of antibiotics such as 
hydroxyl group and amine group will result in conjugation of both the 
molecules. This will result in the increase in the effective concentration 
of antibiotic at a specific site.[25‑29] To add to this, we have also studied 
the toxicity properties of AgNPs. We have performed hemolysis 
assay of AgNPs and our results were in agreement with the previous 
studies.[23] It was observed that AgNPs did not cause any harm to blood 
cells, especially RBCs. This justifies the use of nanoparticles made from 
biological sources as compared the nanoparticles made from chemical 
and physical methods which are more toxic that the once made from 
biological sources.

Table 2: Hemolysis study of silver nanoparticles on red blood corpuscles

Treatment Percentage hemolysis±SEM
Control RBC 0
RBC + Triton X‑100 100±0
RBC + AgNPs 10 µg/ml 0.28±0.01
RBC + AgNPs 20 µg/ml 0.32±0.03
RBC + AgNPs 40 µg/ml 1.58±0.053
RBC + AgNPs 60 µg/ml 1.67±0.049
RBC + AgNPs 80 µg/ml 2.15±0.048
RBC + AgNPs 100 µg/ml 2.38±0.087

SEM: Standard error of mean; RBC: Red blood corpuscle; AgNPs: Silver 
nanoparticles

Figure 7: Temperature optimization of silver nanoparticle synthesis

Figure 8: Antibacterial assay test in broth media

Table 1: Antibacterial activity (Kirby-Bauer method) of nanoparticle and 
synergistic studies of nanoparticles along with antibiotics

Antibiotics and AgNps Zone of 
inhibition in mm

Control 0
AgNPs (10 µg) 10±1
AgNPs (20 µg) 18±1
AgNPs (30 µg) 23±1
Chloramphenicol (10 µg) 20±1
Chloramphenicol + AgNPs (10 µg + 10 µg) 22±1
Gentamicin (10 µg) 19±1
Gentamicin + AgNPs (10 µg + 10 µg) 21±1
Gentamicin + chloramphenicol (10 µg + 10 µg) 32±0.5
Gentamicin + chloramphenicol + AgNPs 
(10 µg + 10 µg + 10 µg)

34±0.5

AgNPs: Silver nanoparticles
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