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ABSTRACT

Background: Ginkgo biloba is a plant with many therapeutic
characteristics because it’s rich in polyphenolic contents. This study was
done to evaluate the antibacterial activities of Ginkgo and to compare the
antibacterial potential of ethanolic, methanolic and aqueous leaf extracts
of Ginkgo biloba.

Methods: The antibacterial activity of Ginkgo extracts was evaluated
using a disc diffusion method against four strains of bacteria: Escherichia
coli, Salmonella typhimurium, Bacillus subtilis, and Staphylococcus
aureus. The Minimum inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of the extracts were assessed.

Results: The results indicated that all extracts of Ginkgo possess
distinguished antibacterial activity. Among them the methanolic extract
exhibited maximum antibacterial activity and the aqueous extract showed
minimum antibacterial activity. The highest MIC and MBC were
determined at 3.13 and 6.25 pg/mL of aqueous extract against Bacillus
subtilis, respectively.

Conclusion: Regarding the acquired results from this study, the leaves of
Ginkgo biloba possess a considerable amount of antibacterial activity that
can make them one of the most valuable antibacterial resources that could
be used in food and therapeutic industries. Therefore, more studies
should be conducted on this plant.
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Extended Abstract

Background: Antimicrobial agents are very
important in reducing the global problem of
infectious diseases. The emergence of
antibiotic-resistant bacteria has become a
major threat to public health because there are
usually few or no antimicrobial agents
available for infections caused by these
pathogens. The multidrug resistance increases
the treatment costs and death rate. Also, using
high dosages of chemical pharmaceuticals
can bring harmful side effects of the human
body in the long- term. So, it’s of high
importance to study the new and alternative
ways to treat infectious diseases. According
to WHO, herbal plants are the best resources
to attain all kinds of pharmaceuticals. Studies
showed that plants possess antioxidant,
antibacterial, gastro and hepatoprotective,
antimutagenic, anti-diarrheal and chemo -
preventive effects. Ginkgo biloba also known
as the maidenhair tree is from the Ginkgoceae
family and a traditional Chinese herbal plant.
This plant is known as a living fossil because
it existed for around 250 million years.
Modern pharmacological studies showed that
this plant has many biological activities such
as antitumor, antioxidant, antibacterial, anti-
inflammation,  anti-depressant, immuno-
stimulating, hepatoprotective, treatment of
ischemia/reperfusion injury, retinal and
neurodegenerative diseases. This study aims
to investigate the antibacterial properties of
Ginkgo biloba extracts prepared using three
different solvents: ethanol, methanol, and
water. Specifically, we seek to determine
which of these three extract types
demonstrates the highest inhibitory activity
against four target bacterial strains.

Methods: Dried ginkgo leaves were
powdered by a mixer and the fine powder
was dissolved in water, 80% methanol and
70% ethanol to achieve ginkgo extracts. Then
they were placed in the shaker for 72 hours,
and then the extracts were centrifuged and
filtered. The disc diffusion assay was done to
study the antibacterial effects of ginkgo
extracts against Escherichia coli, Salmonella

typhimurium gram- negative and Bacillus
subtilis and Staphylococcus aureus gram-
positive bacteria strains in four different
concentrations. The antibacterial activity of
each of the extracts against the studied
bacteria was determined using disk diffusion
method according to CLSI standard. After
preparing the microbial suspension with 0.5
McFarland turbidity (10® cfu/ml) using a
sterile swap on the surface of the Mueller
Hinton Agar medium, a uniform culture was
performed. In the next step, using sterile
forceps, blank discs impregnated with
different concentrations of ginkgo extract
were placed on the surface of the culture
medium and fixed on the culture medium
with a little pressure. In the following, after
24 hours of incubation, the inhibition zones
were measured in millimeters. To determine
the minimum inhibitory concentration (MIC)
of the extracts, first, bacterial suspensions of
each strain were prepared according to 0.5
McFarland's standard in Mueller Hinton broth
culture medium and distributed in sterile
tubes. Then, a certain volume was prepared
from twofold dilutions of the filtered plant
extract (400, 200, 100, 50, 25, 12.5, 6.25,
3.12 and 1.56 mg/ml) and was incubated for
24 hours. At last, the MIC values were
determined and the concentrations with no
visible bacteria growth were cultured in
Mueller Hinton Agar plates and incubated.
The concentrations with no bacteria colony in
their plate were considered as MBC. Data
analysis was performed using a factorial
experiment within a completely randomized
design, and Duncan's multiple range test was
used to compare the means using SPSS-25
software (p< 0.05).

Results: The results showed that the biggest
ZOl of both aqueous and ethanolic extracts
were at 400 mg /ml with 28+0.04 mm and
30+0.3 mm  against gram  positive
Staphylococcus aureus, respectively. The
biggest ZOI of methanolic extract was at 400
mg/ml with 29.5£0.2 mm against gram -
positive Bacillus subtilis. The ZOI of
hydroalcoholic extracts was bigger than that
of aqueous extracts. Among hydroalcoholic
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extracts, the methanolic extracts showed
more antibacterial activity. This indicated that
gram -positive strains (Bacillus subtilis and
Staphylococcus aureus) were more sensitive
toward ginkgo extracts while the gram-
negative strains (Escherichia coli and
Salmonella  typhimurium) showed more
resistance. Also, the highest MIC value was at
3.13 mg/ml of aqueous extract against
Bacillus subtilis and the highest MBC value
was at 6.25 mg/ml of aqueous extract against
Bacillus subtilis. The methanolic extract
showed noticeable antibacterial activity
against all  four strains. But as
aforementioned, the gram- positive bacteria
used in this study showed more sensitivity
toward ginkgo extracts which could be due to
the unique structures of gram- negative outer
membrane that is consisted of lipoprotein and
lipopolysaccharide. The outer membrane
shows selective permeability so the
hydrophobic compounds have limited access
to the beneath structures. This makes gram-
positive bacteria more susceptible to some
compounds in plant extracts. The significant
antibacterial activity of ginkgo extracts could
be because of their high polyphenolic
compounds. Previous studies showed that
ginkgolic acid is one of the polyphenols in
ginkgo leaves that showed noticeable
antibacterial activities. There are more
compounds such as phenolic acids,
flavonoids and flavonols (e.g. Isorhamnetin,
Quercetin and Kaempferol) in ginkgo extracts
that could also have a role in the antibacterial
activity of ginkgo extracts. Phenolic acids

possess the most bactericidal effect because
they can inhibit the virulence parts of bacteria
like toxins, enzymes, preventing the
formation of biofilm, the synergy effects of
these compounds together and with
antibiotics. Therefore, higher antibacterial
activity of hydroalcoholic extracts could be
related to their high ability in extracting
polyphenols so it could be concluded that
according to the reported results, methanol
solvent has the highest ability to extract
ginkgo compounds and the highest total
phenolic and flavonoid contents. With
increasing in concentrations of the extracts,
an increase in antibacterial activity was
observed until the high concentration of 600
mg/ml which this pattern broke and a
decrease of bactericidal was observed. This
phenomenon could be due to the decrease in
diffusion of extracts in the medium because
of the high concentration of loaded extracts
on blank discs, size and weight of the
compounds in extracts. So, with increasing
the concentration more than a certain extent,
the antibacterial activities decrease.
Conclusion: The results indicated that all
extracts of ginkgo possess distinguished
antibacterial activity. The most antibacterial
activity was observed in methanolic extracts
while minimum antibacterial activity was
related to aqueous extracts. The highest
antibacterial activity of all three extracts was
against gram- positive strains. So, it could be
concluded that ginkgo leaf extracts could be a
good candidate as an alternative to chemical
antibiotics.
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