
Introduction
Antibiotics are important factors for fighting infections 
caused by bacteria, fungi and some parasites, which reduce 
the growth and death of this group of microorganisms (1). 
One of the worrisome problems related to antibiotics is 
the resistance of microorganisms to drugs. The resistance 
of bacteria to antibiotics is often changed by mechanisms 
such as the production of enzymes that can break down 
drugs, the lack of penetration of drugs in bacteria, and the 
surface proteins of bacteria (2,3).

Propolis is a type of resinous substance obtained by bees 
from the secretions of trees, plants, buds and leaves. On 
average, propolis contains 50%-55% resin, 30% wax, 10% 
essential oil, 5% pollen and various other substances. Due 
to the presence of flavonoids such as quercetin, propolis has 
anti-microbial and anti-viral properties, and the inhibition 
mechanism of these compounds is related to inhibition of 
viral polymerase and binding of nucleic acid and capsid 

protein of viruses. There are more than 150 different 
compounds including terpenoids, polyphenols, steroids 
and amino and organic acids in propolis, the amount of 
which varies according to the geographical region, type of 
plant and type of extraction. Propolis and its extracts have 
antiseptic, anti-inflammatory, antioxidant, antibacterial, 
anti-microbial, anti-fungal, anti-cancer properties and 
regulation of the body’s immune system, which has led to 
its use in the treatment of various diseases (4).

One of the most important common antimicrobial 
agents is silver nanoparticles (AgNPs). Antimicrobial 
mechanisms of silver include: lipid peroxidation, 
reactive oxygen species (ROS) production, inhibition of 
cytochrome, inhibition of cell wall synthesis, ribosome 
instability and increased membrane permeability (5,6). 
Silver as a nanoparticle is one of the important metals 
that are used for antibacterial purposes and can bind 
to the cell and break down its structure by destroying 
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Abstract
Background: The increasing resistance of bacteria to different classes of antibiotics has become 
an important public health concern. This study was aimed at the effectiveness of the antibacterial 
effect of silver nanoparticles and propolis (AgNPs@propolis) on bacteria.
Methods: A hydroalcoholic extract of propolis was used for prepare of silver nanoparticles 
(AgNPs@propolis). The characteristics, anti-bacterial effect and cell toxicity of AgNPs@propolis 
were examined in vitro. 
Results: The size of the synthesized nanoparticles was 32 to 85 nm. The AgNPs@propolis had 
no toxic effect up to a concentration of 200 μg/mL. Compared to AgNPs and propolis, AgNPs@
propolis showed a greater inhibitory effect on the growth of gram-positive and gram-negative 
bacteria. propolis as a natural substance has an inhibitory effect on the growth of bacteria. 
Conclusion: Green synthesis of AgNPs@propolis has a low toxic effect on the cell and has a high 
effect in inhibiting the growth of various bacteria.
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proteins and lipids, as well as destroy bacterial biofilms. 
AgNPs are prepared by two chemical, physical and 
biological methods. Thermal decomposition and spark 
discharge are common physical methods. Stabilizers such 
as borohydride, 2ME and thioglycerol cause chemical 
regeneration of silver, using these materials and methods 
to prepare AgNPs is toxic and dangerous (7). One of 
the important problems of the chemical and physical 
synthesis methods of AgNPs is the potential for toxicity 
(8). Therefore, the use of methods according to green 
preparation of AgNPs can significantly reduce its toxic 
effects. Plant extracts can be used as a reducing and 
stabilizing agent in the nanoparticle structure, which not 
only reduces the toxic effects of AgNPs, but also in some 
plant extracts such as propolis (which have antimicrobial 
effects), It also increases its effectiveness (9,10).

Therefore, this study aimed to investigate the 
antibacterial effect of AgNPs and propolis (AgNPs@
propolis) on gram negative bacteria: P. aeruginosa, E. coli, 
K. pneumoniae, A. baumannii and gram positive bacteria: 
S. aureus and E. faecalis in laboratory conditions.

Material and Methods
Preparation of the Propolis
To prepare propolis hydroalcoholic extract, 50 mg of 
propolis was converted into powder and added to 20 
mL of 7:3 hydroalcoholic solution (V/V) and kept at 
room temperature for one week. The hydroalcoholic 
composition based on absolute ethanol leads to the 
extraction of its polyphenolic compounds from propolis 
and its extraction percentage increases. The resulting 
suspension was filtered using Whatman® cellulose filter 
papers and the remaining propolis was separated from it. 
Then, the obtained solution was centrifuged (400 rpm, 5 
minutes) and after separating the remaining solids, it was 
placed at 4 ˚C. For antimicrobial tests, the sample was 
diluted with dimethyl sulfoxide (11).

Preparation of AgNPs@Propolis
AgNPs@propolis was prepared by a one-step method. 
Briefly, propolis solution was added dropwise to aqueous 
AgNO3 solution until the solution turned bright yellow. 
The change of yellow color to yellowish-brown indicates 
the success of the preparation process of AgNPs@propolis 
(12).

Cytotoxicity Assay
Investigation of the cytotoxicity of propolis and AgNPs@
propolis was performed on fibroblastic cell line (cell line 
L 929). Different concentrations of propolis and AgNPs@
propolis were used for treated in cultured cells (100, 200, 
300, 400 and 500 µg/mL). MTT method was used to test 
cell viability (13).

Bacteria Strain 
Gram positive bacteria: S. aureus (ATCC: 25923) and E. 
faecalis (ATCC: 29212) and gram-negative bacteria: P. 

aeruginosa (ATCC: 27853), E. coli (ATCC: 25922), K. 
pneumoniae (ATCC: 1290), A. baumannii (ATCC: 1855) 
used in this study.

Antibiotic Sensitivity Testing
Antibiotic sensitivity test by standard Kirby-Bauer 
disk agar diffusion (DAD) for antibiotics including 
ciprofloxacin (5 μg), vancomycin (30 μg), imipenem (10 
μg), clindamycin (3 μg) gentamicin (10 μg), and ampicillin 
(10 μg) were performed.

MIC And Well Diffusion
Well diffusion and minimum inhibitory concentration for 
AgNPs@propolis, AgNPs and propolis were performed 
according to CLSI guidelines. Concentrations (37.5, 75, 150 
and 300 μg/mL) of AgNPs@propolis, AgNPs and propolis 
were prepared. 0.5 McFarland suspension of bacterial 
strains was cultured on Mueller-Hinton agar, 6 mm 
diameter wells were created in the culture medium, and 
100 mL of each concentration of AgNPs@propolis, AgNPs 
and propolis was first sonicated and poured into each well 
and for a period of time. After 24 hours, the diameter of 
the inhibition zone was checked. For determining the 
minimum concentration of AgNPs@propolis, AgNPs 
and propolis that had the ability to inhibit the growth of 
bacteria, 96-well plates with flat bottoms were used. The 
first concentration that was used was the lowest amount of 
AgNPs@propolis, AgNPs and propolis that was obtained 
in the well diffusion test. 100 mL of different dilutions 
were added to each well. Next, 100 mL of Mueller Hinton 
Broth culture medium was added to each well and finally 
5 mL of 0.5 McFarland suspension of bacteria was added 
to all wells and incubated for 24 hours at 37 ˚C. After this 
time, it was checked visually to determine the minimum 
concentration, and it was considered as the minimum 
concentration that inhibits the growth of bacteria in the 
wells where the bacteria had not grown (14,15). 

Results
AgNPs@Propolis Characteristics
Figure 1 shows the XRD pattern of the AgNPs@propolis. 
The peaks recorded at 20 of 32.28, 38.18, 44.53, 64.68, 
and 77.58, are identified as differences in (111), (200), 

Figure 1. XRD Pattern of AgNPs@Propolis
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(220), and (311), respectively. Figure 2 shows the UV-
vis absorption spectrum of AgNPs@propolis. The main 
absorption peak at 372 nm is related to surface resonance 
absorption characteristics.

The photoluminescence (PL) spectrum of AgNPs@
propolis indicated that the AgNPs@propolis has a 
high and intense emission at 420 nm, in addition, a PL 
spectrum was recorded for the excitation wavelength of 
380 nm (Figure 2).

TEM Image of the AgNPs@Propolis 
Figure 3 shows the TEM image of the AgNPs@propolis. 
As can be seen in the image, the particles are spherical 
with a size of 32 to 85 nm.

The Results of Cytotoxicity Test
According to the results obtained from the toxicity test, 
AgNPs@propolis in concentrations of 100 and 200 μg/
mL does not have a toxic or lethal effect on cells. In 
concentrations of 400 and 500 μg/mL, up to 40% caused 
cell death. The important and promising point was that 
when the cells were treated with propolis alone, the toxicity 
of the particles was significantly reduced (Figure 4).

The Results of Antibiotic Sensitivity Testing
In order to determine the antibiotic resistance profile for 
the studied bacteria, an antibiogram test was performed. 
According to the obtained results (Table 1), gram-positive 
bacteria were resistant to ampicillin and intermediate 
resistance to ciprofloxacin. Gram-negative bacteria had 
variable resistance to ampicillin and all were sensitive to 
other antibiotics.

The Results of Well Diffusion and MIC of AgNPs@
Propolis
The findings of well diffusion (Table 2) showed that 
propolis alone had no inhibitory effect on bacterial strains. 
Also, the best performance in inhibiting the growth of 
bacteria was AgNPs@propolis. This shows the synergistic 
effect of propolis and silver, the statistical analysis of 
growth inhibition by different formulations showed that 
AgNPs@propolis has a significant difference in inhibiting 
bacteria compared to AgNPs and propolis (P value < 0.05).

Considering that propolis and silver have little 
penetrating power in the agar culture medium, therefore, 
the MIC test has more realistic results than the effectiveness 
of different formulations. As seen in Figure 5, AgNPs@
propolis have a very good effect on bacterial strains. The 
important point is that, in general, AgNPs@propolis have 
a greater inhibitory effect on gram-positive bacteria than 
gram-positive bacteria.

Discussion
Colloidal AgNPs have been proven to be one of the 
most common antimicrobial agents. The antibacterial 
properties of these nanomaterials were investigated 
against various organisms, including fungi and bacteria. 
Many studies have reported that AgNPs can inhibit the 

Figure 2. UV-Vis and PL Spectra of AgNPs@Propolis

Figure 3. Transmission Electron Microscopy Image of the AgNPs@Propolis 
(Scale bar is 50 nm)

Figure 4. Toxicity Effect of Formulations on Fibroblastic Cell Line (cell line 
L 929)

Figure 5. The Result of MIC Test
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growth of bacteria (16). In this study, we have tested 
the effectiveness of propolis at different concentrations 
on bacteria separately or in co-treatment with AgNPs@
propolis.

The findings of our study showed that propolis alone has 
no inhibitory effect on bacterial strains. This finding is in 
contrast with the study of Wieczynska et al (17) and Seibert 
et al (18), reasons for this discrepancy can be pointed to 
the type of extract extraction as well as the geographical 
region. Also, the well diffusion test results showed that 
the best performance in inhibiting the growth of bacteria 
was AgNPs@propolis. This indicates the synergistic 
effect of propolis and silver, the statistical analysis of 
growth inhibition with different formulations showed 
that AgNPs@propolis has a significant difference in the 
inhibition of bacteria compared to AgNPs and propolis. 
Habibipour et al (11) conducted a study titled green 
synthesis of AgNPs@PPE and biofilm formation activity 
of Pseudomonas aeruginosa compared to pomegranate 
peel extract in 2019. The results of this group’s study 

showed that AgNPs@PPE has an inhibitory effect against 
P. aeruginosa at concentrations of 0.1 to 0.5 mg/mL. This 
finding was consistent with the results of our research.

According to the MIC results, propolis alone at a 
concentration between 20 and 30 μg/mL had the ability 
to inhibit bacterial growth. This finding is contrary to the 
results of well diffusion. The point that should be noted 
is that propolis does not penetrate the agar medium. 
Therefore, inhibition zone was not observed in the well 
diffusion test. But in the MIC method, due to the fact that 
the bacteria are directly exposed to propolis, its effect on 
the bacteria is visible. AgNPs also had a good effect on 
gram-positive and especially gram-negative bacteria in the 
MIC method, and in concentrations between 2.5 and 5 μg/
mL, it had an inhibitory effect on the growth of bacteria. 
An interesting point to note was the better effect of 
AgNPs@propolis than AgNPs and propolis on inhibiting 
the growth of bacteria, which indicates the synergistic 
effect of AgNPs and propolis.

Dziedzic et al associate the antimicrobial property of 

Table 1. The Result of Antibiotic Sensitivity Test

Bacterial Strain Ciprofloxacin Vancomycin Gentamicin Imipenem Clindamycin Ampicillin

S. aureus I S S ND S R

E. faecalis I S S ND R R

E. coli S ND S S ND R

P. aeruginosa S ND S S ND I

K. pneumoniae S ND S S ND R

A. baumannii S ND S S ND I

ND: Not done; S: Sensitive; I: Intermediate; R: Resistant.

Table 2. The Result of Well Diffusion Test

Antibacterial activity

Bacterial Strain Formulations
Zone of Inhibition (mm) in Four Concentration (μg/mL)

300 150 75 37.5

S. aureus

AgNPs 10 ± 1 6 ± 0.2 Resistant Resistant

Propolis 6 ± 0.5 Resistant Resistant Resistant

AgNPs@propolis 12 ± 2.5 7 ± 0.4 Resistant Resistant

E. faecalis

AgNPs 9 ± 1.2 Resistant Resistant Resistant

Propolis Resistant Resistant Resistant Resistant

AgNPs@propolis 10 ± 2.1 6 ± 0.9 Resistant Resistant

E. coli

AgNPs 11 ± 1.3 6 ± 0.5 Resistant Resistant

Propolis 8 ± 0.5 Resistant Resistant Resistant

AgNPs@propolis 15 ± 1.9 13 ± 2.0 11 ± 0.9 7 ± 0.5

P. aeruginosa

AgNPs 7 ± 0.2 Resistant Resistant Resistant

Propolis Resistant Resistant Resistant Resistant

AgNPs@propolis 12 ± 1.3 11 ± 0.9 Resistant Resistant

K. pneumoniae

AgNPs 8 ± 0.8 Resistant Resistant Resistant

Propolis 6 ± 0.21 Resistant Resistant Resistant

AgNPs@propolis 13 ± 2.1 10 ± 1.1 Resistant Resistant

A. baumannii

AgNPs 8 ± 1.0 Resistant Resistant Resistant

Propolis Resistant Resistant Resistant Resistant

AgNPs@propolis 12 ± 1.9 9 ± 0.9 Resistant Resistant



Avicenna J Clin Microbiol Infect, 2023, Volume 10, Issue 4 135

Antimicrobial effect of AgNPs@propolis

propolis with its mechanism on cell division, changing 
the nature of cytoplasmic and bacterial membranes. Of 
course, the role of propolis affects the activity of DNA-
dependent RNA polymerase and glucose-transferase 
enzymes of bacteria, which is probably related to the 
antimicrobial properties of propolis on bacteria (19). The 
study of Turnia et al (20) showed that the alcoholic extract 
of propolis can be effective in the treatment of various 
pathogenic bacteria such as B. cereus, S. aureus, S. enterica 
and E. coli. Although they stated that the effect of propolis 
in controlling gram positive bacteria is more than gram 
negative bacteria. Tosi et al (21) investigated the effects 
of ethanol, glycerin, propylene glycol and oil extracts 
(extracted from edible legumes) on bacteria and fungi and 
found all of them to be effective.

The mode of action of AgNPs@propolis on bacteria is 
still not fully understood. Defects in the cell membrane, 
Defects of energy transfer, formation of ROS and release 
of toxic elements are proposed as possible mechanisms 
of antibacterial effects of AgNPs@propolis. Negatively 
charged AgNPs@propolis can be electrostatically removed 
from negatively charged bacterial membranes (22).

Conclusion
Due to the increasing resistance of bacteria to different 
classes of antibiotics, the use of nanoparticles, plant 
extracts and natural materials to deal with this problem 
has become seriously important. The results of the current 
research showed that propolis as a natural substance has 
an inhibitory effect on the growth of bacteria. Green 
synthesis of AgNPs@propolis has a low toxic effect on the 
cell and has a high effect in inhibiting the growth of gram 
positive and negative bacteria.
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