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ABSTRACT

Background: Bacterial infections are a major cause of chronic infections and
mortality, and antibiotics are the preferred treatment for bacterial infections. However,
studies show that widespread use of antibiotics has led to the emergence of multidrug-
resistant bacterial strains. Hence, the need to develop new and alternative strategies
for the production of effective drugs has become an important issue. Recently, the use
of nanotechnology has been widely common in various fields. Materials in the
nanoscale have unique physical and chemical properties. Silver nanoparticles have
different applications and their antimicrobial properties have been confirmed in
several studies. This study aimed to investigate the antibacterial properties of silver
nanoparticles synthesized by berberine and Hypericum perforatum extract.

Methods: In this experimental study, the antibacterial effects of synthesized
nanoparticles on standard strains of Escherichia coli [ATCC 25922], Pseudomonas
aeruginosa [ATCC 27853], Klebsiella pneumoniae [ATCC 9997], and
Staphylococcus aureus [ATCC 29212] were investigated. The MIC content of silver
nanoparticles alone and in combination with berberine and Hypericum perforatum
extract was investigated for the studied bacteria using the broth microdilution method.
Results: The results of the evaluation of the minimum inhibitory concentration [MIC]
of the synthesized compounds on the studied bacteria showed that the nanoparticles
synthesized by berberine and Hypericum perforatum extract had the highest
antibacterial effects. However, each of the compounds Berberine and Hypericum
perforatum extract alone did not show significant antibacterial properties. The results
of this study also showed that the highest inhibitory concentration of nanoparticles
synthesized by berberine and Hypericum perforatum extract was related to
Pseudomonas aeruginosa [0.0375 mg / ml] and the lowest inhibitory concentration
was related to Enterococcus faecalis [0.185 mg/ml].

Conclusions: The results of the present study showed that silver nanoparticles
synthesized with berberine and Hypericum perforatum extract have significant
antibacterial effects. As a result, nanoparticles, including silver nanoparticles, can
become one of the most important alternatives to antibiotics due to their unique
properties in targeting bacteria. However, achieving definitive results requires further
studies in this area.

How to cite this article: Askarifar f, Shafaie E, Sedighi M, Tavakoli kareshk A. Green Synthesis of Silver
Nanoparticles by Hypericum perforatum extract and Berberine and Evaluation of Their Antibacterial Effects. J
Ardabil Univ Med Sci. 2023;23(2):262-277.

This work is licensed under a Creative Commons Attribution-Non Commercial 4.0 International License.



http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.61186/jarums.23.3.262 |

263  Askarifar F, et al.

Extended Abstract

Background: infectious diseases are one of
the most important topics and challenges in
the 21st century. The high prevalence of
infectious diseases and the indiscriminate
administration of antibiotics have led to the
creation of antibiotic resistance, difficulty in
the treatment of diseases, and an increase in
the costs of the health care system. Increasing
drug resistance is an important global health
challenge, as it is predicted that infections
caused by resistant bacteria will cause more
than 10 million deaths and 100 million trillion
dollars in financial losses by 2025. Bacterial
infections are a major cause of chronic
infections and mortality, and antibiotics are
the preferred treatment for bacterial
infections. However, studies show that
widespread use of antibiotics has led to the
emergence of multidrug-resistant bacterial
strains. Hence, the need to develop new and
alternative strategies for the production of
effective drugs has become an important
issue. Recently, the use of nanotechnology
has been widely common in various fields.
The materials in the nanoscale have unique
physical and chemical properties. Silver
nanoparticles have different applications and
their antimicrobial properties confirmed in
several studies. One of the desirable
medicinal plants in this area is raei flower
with the scientific name of Hypercum
Perforatum , a plant from the Hypericaceae
family, that grows in Western Europe, Asia
and North Africa. This is an herbaceous and
permanent plant whose flowering branches
are the valuable part of the plant in terms of
medicine and it is one of the most widely
used medicinal plants in the world. The
effective ingredient of this plant includes:
pseudohypericin, precursor of hypericin,
flavonoids such as kaempferol, quercetin,
hyperoside, isoquercetin, rutin, aminoflavone,
cations, biflavonoids, adihyperforin tannins,
caffeic, chlorogenic and volatile oils such as
geraniol, myrcene, limonene, humiolene,
caryophyllene., myristic, palmitic, stearic,
carotenoids, choline and nicotinamide.

Today, this plant has a significant use for the
treatment of mild to moderate depression. It
has also been shown that this plant has
antiviral, antibacterial and wound- healing
properties. Therefore, this study aimed to
investigate the antibacterial properties of
silver nanoparticles synthesized by berberine
and Hypericum perforatum extract.

Methods: In this experimental study, silver
nanoparticles were produced using the green
synthesis method and various methods
including DLS, FTIR, XRD and vis-UV
spectroscopy were used to characterize them.
The antibacterial effects of synthesized
nanoparticles on standard strains  of
Escherichia coli (ATCC 25922),
Pseudomonas aeruginosa (ATCC 27853),
Klebsiella pneumoniae (ATCC 9997), and
Staphylococcus aureus (ATCC 29212) were
investigated. The MIC content of silver
nanoparticles alone and in combination with
berberine and Hypericum perforatum extract
was investigated for the studied bacteria
using the broth microdilution method.

In the broth microdilution method, a sterile
96-house plate was used to determine the
MICs. First, 100 microliters of successive
dilutions of each compound of berberine,
gerbera extract, chemically synthesized silver
nanoparticles, silver nanoparticles
synthesized with gerbera extract, and silver
nanoparticles  synthesized with gerbera
extract and berberine in Mueller Hinton Broth
medium. Each well was poured and 100 pl of
microbial ~ suspension  with a final
concentration of 10° CFU/ml was added to
each well. Then the plate was incubated at 37
degrees Celsius for 18 to 24 hours. Culture
medium alone and bacterial suspension alone
were used as negative control and positive
control, respectively. It should be mentioned
that the antibiotic tetracycline was used to
compare its antibacterial effects with the
studied compounds and to check and control
the bacterial strains. The minimum
concentration of the compound that inhibits
the growth of the bacterial agent was reported
as MIC pg/ml.


http://dx.doi.org/10.61186/jarums.23.3.262
https://ejournals.arums.ac.ir/jarums/article-1-2293-fa.html

[ Downloaded from gjournals.arums.ac.ir on 2025-12-03 ]

[ DOI: 10.61186/jarums.23.3.262 |

264  Askarifar F, et al.

Results: Synthesized silver nanoparticles
with Hypericum perforatum extract have
maximum plasmonic absorption at 440 nm.
The zeta potential of the samples was 10/08
and the average hydrodynamic diameter of
nanoparticles after 1 month of storage was
around 140 nm. FTIR spectroscopy
confirmed the presence of biological
compounds around silver nanoparticles as
stabilizers. The diffraction peaks in the XRD
pattern confirmed the fcc crystal structure of
the nanoparticles. The exact size of
nanoparticles based on TEM results was
about 30 nm. The results of the evaluation of
MIC of the synthesized compounds on the
studied bacteria showed that the nanoparticles
synthesized by berberine and Hypericum
perforatum extract had the highest
antibacterial effects. However, each of the
compounds Berberine and  Hypericum
perforatum extract alone did not show
significant antibacterial properties. Based on
the results of the present study, the MICs of
the nanoparticle synthesized by berberine and
gerbil for E. coli, S. aureus, P. aeruginosa, E.
faecalis and K. pneumoniae bacteria were
equal to 0.15, 0.075, 0.0375, 0.185 and 0.039
mg/ml respectively. The study of Gudari and
his colleagues was conducted on the
antimicrobial effects of gerbil on food-borne
bacteria. The findings of this study showed
MIC values of 0.0078, 0.5, and 0.001 mg/mi
for Pseudomonas aeruginosa, Escherichia
coli, and Staphylococcus aureus, respectively,
which were not consistent with our study.
This inconsistency can be due to various
reasons, including the use of methanol
compounds in this study.

Results of this study also showed that the
highest  inhibitory  concentration  of
nanoparticles synthesized by berberine and
Hypericum perforatum extract was related to
P. aeruginosa (0.0375 mg/ml) and the lowest
inhibitory concentration was related to E.
faecalis (0.185 mg/ml).

Conclusions: In this study, a simple one-step
green synthesis method for stable silver
nanoparticles using extracts of gerbera and

berberine is presented. The preparation and
synthesis of nanoparticles showed more
efficiency in terms of stability as well as time
and the wuse of additional stabilizing/
regenerating agents compared to chemical
synthesis. It was confirmed that this synthesis
method is environmentally friendly and a fast
approach for synthesis and provides a cost-
effective and efficient solution for the
synthesis of silver nanoparticles. The silver
nanoparticles synthesized in this method were
monodisperse, spherical, with a size of about
30 nm and a crystalline structure. The XRD
study confirmed the FCC crystal structure in
them and the TEM analysis showed that the
particles have a spherical shape and good
dispersion. The prepared nanoparticles are
surrounded by the natural compounds found
in the extract of gerbera and berberine and are
protected by a protective layer made of
molecules in the plant extract [containing
hydroxyl functional groups]. The results of
the present study showed that silver
nanoparticles synthesized with berberine and
Hypericum  perforatum  extract  have
significant antibacterial effects. As a result,
nanoparticles, including silver nanoparticles,
can become one of the most important
alternatives to antibiotics due to their unique
properties in targeting bacteria. However,
achieving definitive results requires further
studies in this area.
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