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Abstract

Nowadays, bacterial urinary and skin infections are highly prevalent. The emergence of antibiotic resistance in
many strains involved in these infections has increased the need to explore alternative treatments. Plant extracts
exhibit antibacterial effects against a wide range of bacteria and hold significant potential for the development of
new drugs, making them a suitable alternative to antibiotics. The aim of this study was to investigate the
antibacterial effects of methanolic and ethanolic extracts of Hyssopus officinalis (hyssop) against certain bacterial
strains. This plant has a long history of use in traditional medicine for treating various infections. The extraction
was performed using maceration in methanol and ethanol solvents for 24 hours on a shaker at 100 rpm and room
temperature. The antibacterial effects of the extracts were evaluated at concentrations ranging from 256 to 1
mg/mL using the disk diffusion method, and concentrations from 50 to 0.19 mg/mL were used to determine the
minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) against some
pathogenic bacteria. The collected data were analyzed using SPSS software, one-way ANOVA, and Duncan’s
post-hoc test at a significance level of 0.05. The methanolic and ethanolic extracts of hyssop exhibited antibacterial
effects against the tested bacteria. In most cases, the methanolic extract showed stronger antibacterial activity than
the ethanolic extract. The antibacterial effect of hyssop extract was more pronounced against Gram-positive
strains compared to the studied Gram-negative strains. The most sensitive bacterium to hyssop extract
was Staphylococcus aureus, while the most resistant was Escherichia coli. Hyssopus officinalis demonstrated
significant antibacterial effects against the bacteria examined in this study. However, its therapeutic application
requires further research in areas such as the extract’s impact on normal skin or gut flora, as well as determining
safe and effective dosages for treatment.
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Background and Objectives:

The escalating prevalence of urinary and skin bacterial infections, coupled with the emergence of antibiotic
resistance in numerous pathogenic strains, has necessitated the exploration of alternative therapeutic
strategies. Traditional medicine, with its rich repository of plant-derived compounds, presents a promising
avenue for combating these infections. Hyssopus officinalis L., a medicinal herb with a long history of use in
traditional medicine, has garnered attention for its potential antimicrobial properties. This study aimed to
investigate the antibacterial effects of methanolic and ethanolic extracts of H. officinalis against a panel of
bacterial strains implicated in urinary and skin infections, thereby providing a scientific basis for its traditional
applications.

Materials and Methods:
Plant Material and Extraction:

The aerial parts of H. officinalis were collected, identified, and subjected to maceration using methanol and
ethanol as solvents. This extraction technique was chosen to maximize the yield of bioactive compounds with
varying polarities. The resulting extracts were concentrated and stored under controlled conditions to preserve
their integrity.

Bacterial Strains:

The bacteria used included gram-negative strains of S. baumannii, Proteus mirabilis, Enterobacter
aerogenes, Escherichia coli, and Pseudomonas aeruginosa, and gram-positive bacteria Staphylococcus
aureus and Staphylococcus epidermis, identified from clinical samples from the microbiology department of
Razi Hospital in Qaemshahr city. These bacteria were confirmed using standard methods and transferred to
the microbiology research laboratory.

Antibacterial Assays:
Disc Diffusion Test:

The desired extract was diluted in a series of 9 tubes, then the required number of blank discs manufactured
by Padtan Teb Company were placed in each tube. After half an hour, they were removed and dried in a 37°C
incubator. The concentrations of the plant extract were 256, 128, 64, 32, 16, 8, 4, 2, and 1 mg/mL,
respectively. The antibiotic streptomycin and dimethyl sulfoxide solution were used as positive and negative
controls. These steps were performed for both ethanolic and methanolic extracts. Microbial standard
suspensions made using a spectrophotometer were cultured on the surface of Mueller Hinton agar culture
medium using a sterile swab. After 5 minutes, the desired discs were placed on the surface of the culture
medium to absorb the relative humidity of the culture. After 18-24 hours, the diameter of the formed growth
zones was measured.

Determination of Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration
(MBC):

Mueller Hinton Broth culture medium was prepared and different concentrations of extract were prepared
from 0.19-50 mg/ml (from number 1 to 9). Well 10 is the bacterial control. Well 11 is the culture medium
control. Well 12 is the extract control. After the incubation time, the lowest dilution of the extract in which
no bacterial growth occurred (no turbidity) was considered as the MIC. Also, to determine MBC, samples
were taken from each concentration in which no turbidity was observed and cultured on the surface of BHI
agar medium and after 24 hours of incubation at 37°C, bacterial growth was examined. The concentration of
the extract in which 99.9% of microbial cells were reduced or no bacteria grew was considered as the
minimum lethal concentration. All steps were performed for ethanolic and methanolic extracts.

Results:

Antibacterial Activity:
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Both methanolic and ethanolic extracts of H. officinalis exhibited antibacterial activity against all tested
bacterial strains. The methanolic extract generally demonstrated higher antibacterial efficacy compared to the
ethanolic extract, suggesting that the active compounds responsible for the antibacterial effects are more
soluble in methanol. However, the ethanolic extract showed greater activity against Pseudomonas
aeruginosa, indicating variations in the extract's efficacy against different bacterial species.

Gram-Positive vs. Gram-Negative Bacteria:

The extracts exhibited greater antibacterial activity against Gram-positive strains compared to Gram-negative
strains. This observation may be attributed to differences in the cell wall structure of these bacterial groups.

Strain-Specific Susceptibility:

The results of the present study showed that the sensitivity of the studied bacterial strains to hyssop extract,
from highest to lowest, included Staphylococcus aureus, Staphylococcus epidermis, and Pseudomonas
aeruginosa isolated from skin infections, and S. baumannii, Proteus mirabilis, Enterobacter aerogenes, and
Escherichia coli This indicated that the bacteria causing skin infections were more sensitive than the bacteria
causing urinary tract infections examined in this study. isolated from urinary tract infections.

MIC and MBC Values:

The MIC and MBC values obtained for the extracts against the tested bacterial strains provided quantitative
evidence of their antibacterial potency. Also, in the present study, the antibacterial effect increased with
increasing plant extract concentration. Also, with increasing duration of proximity of discs containing plant
extract, the diameter of the disc's non-growth zone increased.

Conclusion:

The findings of this study provide compelling evidence for the antibacterial activity of H. officinalis extracts
against clinically relevant bacterial pathogens. Of course, its therapeutic use requires further research on
issues such as the effects of this extract on the normal flora of the skin or digestive tract, determining the
appropriate and safe dose for treatment, etc.
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