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ABSTRACT

Hypericum perforatum L. has been used for centuries as a herbal remedy
against variety of diseases for its biological activities. It has been also used
as an antibacterial agent against different bacteria. The aim of this study is to
investigate the antibacterial properties of the H. perforatum L. extracts against
several clinical isolates and explore their chemical composition. In terms of
S. aureus strains, n-hexane extract demonstrated the best activity against
XU212 strain, with the MIC of 256 pL/mL. The MIC was 512 pL/mL for other
S. aureus strains for n-hexane and dichloromethane extracts. n-hexane extract
demonstrated activity against E. coli ATCC 25922 with the MIC of 1 uL/mL.
UPLC was performed for dichloromethane and methanol extracts. The main
compounds were identified as catechin, hyperforin, and rutin from methanol
extract, and hypericin and luteoskyrin from dichloromethane extract. S. aureus
demonstrated good antibacterial activity against tested MRSA and Bacillus
subtilis strains.
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INTRODUCTION

Staphylococcus aureus commonly presents in the mucosal surfaces and the
skin of the human body, and it is a Gram-positive bacterium*. When there is a
breach on the mucosal surfaces or the skin, S. aureus enters the body, and the
infection is initiated. For centuries, S. aureus has been one of the widespread
and life-threatening causes of infections in health-care settings, because the
bacteria mostly spread to the adjacent organs and cause severe invasive infec-
tions such as bacteremia or pneumonia. S. aureus has been identified as one
of the six bacteria that are the most dangerous nosocomial infections in many
countries, including the USA, the UK, and Canada, by The Infectious Diseases
Society of America. According to a report published by WHO in 2014, which
is about antibiotic resistance surveillance, S. aureus spread is increasing in all
continents. Some countries reported the number of S. aureus infections up to
80% which results in longer hospital stays or the use of a second-line antibiotic
treatments. Significant number of the bacteria that have been isolated from the
patients mostly in ventilators or from the surgical site of the patient, approxi-
mately 43-58%, was identified as Methicillin Resistant Staphylococcus aureus
(MRSA)4. According to a survey which was carried out by the European Centre
for Disease Control and Prevention (ECDC), which includes 33 different coun-
tries in Europe, it has been recorded that E. coli is the first and S. aureus is the
second most common cause of nosocomial infectionss.

Bacteria can acquire resistance against antibacterial therapeutics via different
routes such as efflux pump activation, enzymatic destruction of the bacteria,
modification of antibacterial agent’s enzymes, and target site alteration of
the antibacterial agents. Efflux pumps have a crucial role in bacterial resist-
ance mechanisms as they work as an export system for antibacterial agents.
Throughout the efflux pumps, an antibacterial agent is pushed out of the bac-
teria faster than it gets in, as a result, antibiotic resistance is seen in bacteria.
Because of this mechanism, efflux pumps are one of the most important target
sites for potential antibacterial therapeutics against multidrug-resistant bac-
teria. Therefore, developing novel antibacterial therapeutics that can prevent
bacteria to efflux the antibacterial agent is an emerging issue today.

Several synthetic antibacterial agents are widely used around the world; however,
plant-based antibacterial agents still attract many of the researchers®. Antibac-
terial compounds derived from natural sources have shown significant results
against several multidrug-resistant bacteria’. Depending on the chemical struc-
tures of these naturally derived antibacterial compounds, they can be mainly clas-
sified as alkaloids, terpenoids, polyphenols, and sulphur containing compounds?.
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Hypericum perforatum L. is a perennial shrub and has yellow flowers. It has
five sepals and petals in its flowers. The plant has opposite leaves, and, in its
stamen, it has five bundles®. H. perforatum L. is in the family Clusiaceae, which
includes around 400 different species worldwide*. Hypericum perforatum L.
is mainly native to Western Asia, North Africa, and around Europe, however,
it is also distributed among Australia and North America®. For centuries,
Hypericum perforatum L. has been used as a herbal remedy for several
diseases such as skin lesions, gastrointestinal tract diseases, anxiety and
depression, mucosal lesions, and superficial injuries, and as a nursing remedy*'.
Today, different preparations of dried and fresh Hypericum perforatum L. are
used for various purposes. Fresh plant species are used as a mother tincture
in homeopathy as drops. Also, oil of the plant species is used for ointments
and capsules. Dried extract of Hypericum perforatum L. is used for tablets
and capsules, fluid extract is used for ointments and tinctures, and dried
raw preparations are used as tea'®. The aim of this study is to investigate the
antibacterial properties of H. perforatum L. extracts against clinical isolates of
MRSA and determine its chemical composition by Ultra Performance Liquid
Chromatography (UPLC) analysis.

METHODOLOGY
Plant material

Hypericum perforatum L. plant’s dried aerial parts were obtained from Herb-
al Apothecary, UK, with batch number 15522, in October 2012.

Preparation of plant extracts

14 grams of plant material was grinded and used for extraction, and the Sox-
hlet extraction method was used. Increasing polarity of 150 mL of 3 different
solvents were used to obtain extracts, including n-hexane, dichloromethane,
and methanol, respectively. After the extraction, the residual solvent was evap-
orated with a rotary evaporator (Heidolph, Germany).

Bacterial strains

The standard Gram-positive bacteria (S. aureus ATCC 25923 and B. subtilis
ATCC 6633) and Gram-negative bacteria (E. coli ATCC 25922) were used in
this study. Additionally, a series of MRSA strains such as S. aureus SA 1199B
and S. aureus XU212 were used. S. aureus XU212 is a tetracycline resistant
strain as it overexpresses tetK efflux pump'2, and S. aureus SA 1199B is an Muti
Drug Resistant (MDR) strain that overexpresses norA MDR efflux pump?3.
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Antibacterial assay

Recommended protocol by the British Society for Antimicrobial Chemothera-
py (BSAC) was followed to determine the Minimum Inhibitory Concentration
(MIC) of the plant extracts and the antibiotic, against all the tested bacteria®.
The broth microdilution technique was performed in duplicate.

The bacteria were sub-cultured on nutrient agar (Oxoid) prior to the antibacte-
rial assay and incubated at 37°C for 18 hours. Cation levels of Mueller-Hinton
Broth (Oxoid) were adjusted to include 20 mg/L of Ca** (Acros Organics) and
10 mg/L of Mg?* (Acros Organics). Norfloxacin (Sigma Chemical Co.) was used
as an antibiotic for positive control. To prepare the stock solution, Norfloxa-
cin was dissolved in DMSO (Dimethyl Sulfoxide) (Sigma-Aldrich), and then
further dilution was done with Mueller-Hinton Broth to obtain a final concen-
tration of 128 pL/mL. Extracts were dissolved in DMSO to prepare the stock
solutions for the extracts. Then, further dilution was done with Mueller-Hin-
ton Broth to obtain a final concentration of 512 pL/mL. Test organisms were
prepared in saline water (0.9% NaCl) with 5 x 10° cfu inoculum density and
compared with 0.5 MacFarland turbidity standard.

96 well plate was used for the determination of MIC against each bacterium.
100 pL of Mueller-Hinton Broth was dispensed to the wells from columns 1 to
11. 100 pL of samples were dispensed to the first column as follows; wells A
and B for n-hexane extract, wells C and D for dichloromethane extract, wells E
and F for methanol extract, and wells G and H for Norfloxacin. Serial dilution
was done starting from the first column up to column 12 by skipping column
11 which was used as growth control. 100 uL of bacterial suspension was dis-
pensed to all wells except column 12 which was used as sterility control. All the
plates were incubated at 37°C for 18 hours. After that, 5 mg/mL methanolic
MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (Alfa
Aesar) solution was prepared, and 20 uL was dispensed to all wells. Then in-
cubated for 20 minutes at 37°C to observe the color change. The blue color
indicated bacterial growth, and the MIC of all the extracts and antibiotics was
recorded. The antibacterial activity of extracts was evaluated in comparison
with the positive control, Norfloxacin. The MIC of the extracts and the antibi-
otic were determined by looking at the lowest concentration where no bacte-
rial growth was seen. The results of the antibacterial assay are provided in the
“Table 1”.
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UPLC analysis

Chromatographic separation was done with normal phase Ultra Performance
Liquid Chromatography technique for dichloromethane and methanol extracts.
Sample concentrations were prepared as 1 mg/mL initially with HPLC grade
methanol, then further diluted with the ratio of 1:4 with the same solvent. A 0.22
um pore size filter was used to filter samples before the analysis. Agilent Tech-
nologies 1260 Infinity Series was used with Agilent Technologies Poroshell 120
EC-C18 column with the column size of 3 x 50 mm, and 2.7 um particle size. Two
elution binary gradients were used. As a mobile phase, HPLC-grade water was
used as an aqueous, and HPLC-grade acetonitrile was used as an organic phase.
They were acidified with Trifluoroacetic acid (TFA) with 0.01% ratio, and then
further filtered with a 0.22 pm pore size filter. The flow rate was 0.750 mL/min,
and the pressure was 242.43 bars. Column temperature was between 18.61°C
to 18.85°C. The injection volume was 5.00 pL, and full loop injection was used.
From 0 to 2 min 100% A (0.01% TFA in water), from 2 to 3.5 min 100% A, from
3.5to 5.5 min 100% B (0.01% TFA in acetonitrile), from 5.5 to 6 min 100% B and
at the min 6 100% A was used. A Photodiode Array (PDA) detector was used to
detect chemical compounds. Separation was performed under 3 different wave-
lengths which were 210 nm, 260 nm, and 350 nm, and all the chromatograms
were recorded. The run time was 6 minutes for each sample.

RESULTS and DISCUSSION
Antibacterial assay

All the plant extracts were tested for in vitro antibacterial activity with broth
micro-dilution assay to determine the MIC. All the antibacterial activity was
evaluated in comparison with the positive control, Norfloxacin. Among all
extracts, n-hexane extract demonstrated the highest antibacterial property
against all the tested bacteria, whereas methanol extract did not have activity
against any of the tested bacteria.

n-hexane extracts showed the best activity against the S. aureus XU212 strain
which is the tetracycline resistant strain. MIC against S. aureus XU212 was 256
pL/mL for n-hexane extract. MIC of n-hexane extract against S. aureus ATCC
25923 standard strain and S. aureus SA 1199B strain, which overexpress norA
MDR efflux pump, was same and 512 puL/mL. MIC of dichloromethane extract
against all the tested S. aureus strains was the same, which was 512 uL/mL. The
MIC of the Norfloxacin was recorded as 16 uL/mL for S. aureus XU212 strain,
and 64 uL/mLfor S. aureus ATCC 25923 standard strain and S. aureus SA 1199B.
Methanol extract was not effective against any of the tested S. aureus strains.
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n-hexane extract demonstrated the best antibacterial activity against tested B.
subtilis ATCC 6633 strain. MIC was between 64 — 128 uL/mL. And the MIC of
dichloromethane extract was between 256 — 512 uL/mL. The MIC of Norfloxa-
cin was recorded as 8 puL/mL, and methanol extract was not effective against
this bacterium. One bacterium was used as a Gram-negative bacterium which
was E. coli ATCC 25922. n-hexane extract had the best activity with the MIC of
1 pL/mL. The MIC of Norfloxacin was recorded as 0.25 pL/mL. Dichlorometh-
ane and methanol extracts did not show any activity against this bacterium.

The summary of the results of the antibacterial assay is provided in “Table 1” below.

Table 1. MIC of the plant extracts and the antibiotic

MIC (uL/mL)
Bacteria Description
n-hexane  Dichloromethane  Norfloxacin
S. aureus ,
ATCC 25023 Standard strain 512 512 64
S. aureus tetK efflux pump, tetracycline-
Xu212 resistant 256 512 16
S. aureus norA efflux pump,
SA 11998 MDR strain 512 512 64
B subtils Commonly used strain 64-128 256512 8
ATCC 6622
£ col Commonly used strain 1 - 0.25
ATCC 25922 y :
UPLC analysis

The chemical composition of dichloromethane and methanol extract of Hyperi-
cum perforatum L. was determined with normal phase UPLC analysis using a
gradient mobile phase consisting of HPLC grade water as an aqueous phase
and HPLC grade acetonitrile as an organic phase. The analysis was conducted
with 3 different wavelengths including 210 nm, 260 nm, and 350 nm. The run
time was 6 minutes for each extract and all wavelengths. UPLC analysis was not
carried out for n-hexane extract because of its highly non-polar nature.

Different compounds were observed with different wavelengths for methanol
extract. 4 peaks and 6 peaks were observed under 210 nm and 350 nm, re-
spectively. However, the best separation for methanol extract was seen under
260 nm. There were 8 different compounds with different peaks. The highest
peak was observed at the retention time (RT) of 3.659 min, and determined
as the major compound, as Hyperforin, which is the fourth compound in the
chromatogram.
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Figure 1. UPLC chromatogram of the methanol extract under 260 nm

Previous studies have been performed to investigate the chemical composition
of the methanolic extracts of H. perforatum. Depending on those studies, com-
pounds found with UPLC were determined by comparing the retention time.
Previous studies have shown that the methanolic extract of the plant species
includes catechin which was seen at 3.216 minutes under 275 nm. Compound
number 2 in our analysis with the retention time of 3.108 min was determined
as Catechin as the retention time and the observation wavelength is very close.
The same study also determined Procyanidin B1 at the time of 3.383 min under
275 nm, and compound number 3 in our analysis is also believed to be Procya-
nidin B1 as the retention time is very close to 3.161 min, and our wavelength
was 260 nm'. Another previous study was conducted to identify Hyperforin
and its metabolites which are present in Hypericum perforatum L. by using
UPLC, and it was reported that the standard Hyperforin was seen at the min-
ute of 3.64. In our results, compound 4 has retention time of 3.659 min, which
was determined as Hyperforin'®. Similarly, Rutin was identified in the previous
studies at 3.95 min under 255 nm. Our compound 5 with the retention time of
3.962 is identified as Rutin depending on the literature’. The same study also
identified 2 derivatives of Quercetin which are Quercetin-3-O-galactoside (Hy-
peroside) and Quercetin-3-O-rhamnoside (Isoquercetrin) with the retention
time of 4.083 min and 4.383 min, respectively. In our results, Compounds 6
and 7 have retention times of 4.144 min and 4.470, respectively. By comparing
the literature, they were identified as Hyperoside and Isoquercetrin, respec-
tively’s. To determine the chemical composition of Hypericum perforatum,
former studies were performed with HPLC for methanolic extract of the plant
species as well. The study has reported that Quercetin was seen at 34.6 min
for a 40 min run time HPLC analysis. By comparing the total run time and the
time Quercetin was seen, our compound 8 was identified as Quercetin?’. Com-
pound 1 was unidentified as there is no proof of compound in the literature for
the specific retention time and wavelength of this compound. The list of the
compounds in the methanolic extract is provided below, in “Table 2”.
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Table 2. Possible compounds found in the methanolic extract of H. perforatum L. via UPLC
under 260 nm

# RT (min) Area % Possible Compound Reference
1 3.108 37.810 Unknown -

2 3.161 8.886 Catechin (15)

3 3.335 17.438 Procyanidin B1 (15)

4 3.659 25.519 Hyperforin (16)

5 3.962 5.196 Rutin (15)

6 4144 3.081 ?#y"ggfg;g)o'ga'aCtOSide (15)

7 | 4470 0.898 gggacue;irg'e?r%r“am”°Side (15)

8 4592 1.172 Quercetin (17)

The dichloromethane extract was observed under 3 different wavelengths as
well. No peak was observed under 350 nm, and 14 peaks were observed under
210 nm. However, the best separation was observed under 260 nm again, with
13 peaks. The highest peak was seen at the retention time of 3.667 min.

3 8 & gk
"

Figure 2. UPLC chromatogram of the dichloromethane extract under 260 nm

Because of the limited number of previous studies of HPLC and UPLC analysis of
dichloromethane extract of H. perforatum, the majority of the compounds could
not be determined by comparing the literature. Therefore, the main compounds
at the retention time of 3.323 min and 3.667 min could not identified. A recent
UPLC-MS study was carried out to determine the naphthodianthrones, emodin,
skyrin, and bisanthrones in the H. perforatum L. extracts. The extraction was
performed with several solvents including methanol, ethanol, ethyl acetate,
acetone, and dichloromethane with changing ratios. This UPLC-MS analysis
suggested that the extracts of the plant species are rich in the naphthodianthrones
and bisanthrones. UPLC run time was 13 minutes in the mentioned study and
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depending on the ratio of the UPLC run time and the time where compounds are
observed, some possible compounds are determined in our analysis. Depending
on the ratio, Luteoskyrin was seen at 2.673 min, and our compound 2 was
determined as Luteoskyrin as it has retention time of 2.676 min. Similarly,
depending on the ratio, the study identified Protohypericin at 2.876, and
compound 4 was determined as Protohypericin as it has very close retention
time of 2.881 min. And lastly, the previous study identified Hypericin at 3.165
min, and our compound 6 has a close retention time of 3.07 min, as a result, it
was identified as Hypericin'®, Due to the lack of previous studies, the rest of the
compounds could not be identified. The list of the identified compounds and the
retention times of the unknown compounds are provided below, in “Table 3”.

Table 3. Possible compounds found in the dichloromethane extract of H. perforatum L. via
UPLC under 260 nm

# RT (min) Area % Possible Compound Reference
1 2.496 2.321 Unknown -
2 2.676 1.432 Luteoskyrin (18)
3 2.755 0.940 Unknown -
4 2.881 2.428 Protohypericin (18)
5 2.944 4.602 Unknown -
6 3.07 11.879 Hypericin (18)
7 3.323 46.102 Unknown -
8 3.446 5.688 Unknown -
9 3.667 12.225 Unknown -
10 3.949 5.173 Unknown -
11 4132 4.013 Unknown -
12 4.458 2.176 Unknown -
13 4.582 1.021 Unknown -

The summary of the identified compounds by UPLC analysis has been shown
below in “Table 4”.
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Table 4. Summary of the possible compounds found in the dichloromethane and methanolic
extracts of H. perforatum L. via UPLC under 260 nm

Extract # RT (min) | Area % | Possible Compound Reference
1 3.161 8.886 | Catechin (15)
2 3.335 17.438 | Procyanidin B1 (19)
3 3.659 | 25.519 | Hyperforin (16)
Methanolic Extract | 4 3.962 5196 | Rutin (15)

Quercetin-3-0-galacto-

5 4144 3.081 side (Hyperoside) (19)
o | aa o Jemersommo |
7 4592 | 1.172 | Quercetin (17)
1 2.676 1.432 | Luteoskyrin (18)
E;fr“;gt’“me‘“a“e 2 | 2881 | 2.428 | Protohypericin (18)
3 3.07 11.879 | Hypericin (18)

The findings from both the antibacterial assays and UPLC analyses provide a
comprehensive overview of the bioactive potential of the tested extracts, par-
ticularly highlighting the remarkable activity of the n-hexane extract. These
results are now explored in detail to assess their implications and alignments
with existing research as they provide new insights into the antibacterial
properties of less-polar extracts, such as n-hexane, a relatively underexplored
area in the literature. The discussion contextualizes these findings within the
broader framework of antimicrobial research.
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In the current study, n-hexane extract is the one that demonstrated the best
inhibitory effect against all the tested bacteria. The majority of the previous
studies were carried out with methanolic, ethanolic, or aqueous extracts of the
plant species. Therefore, the knowledge of the bacterial inhibitory property of
the extracts obtained with less polar solvents, such as n-hexane is limited®. The
n-hexane extract showed the strongest anti-staphylococcal activity against the
MRSA strain S. aureus XU212, which carries the tetK efflux pump, with a MIC
value of 256 pL/mL. The rest of the MIC of n-hexane and dichloromethane ex-
tracts against all the tested clinical isolates of S. aureus strains were the same
which was 512 pL,/mL. Even though there are considerable number of studies
in the literature about the bacterial inhibitory effect of methanolic extracts of
the plant species, in this study, methanol extract did not show activity against
any of the tested S. aureus strains'2>2'. This can be explained with several rea-
sons including the solvents used to obtain the extract. Many of the studies used
methanol as a solvent either directly or with slightly less polar solvents before
using methanol, such as acetone or ethanol. However, in this study less polar
compounds were first used then, methanol was used to obtain crude extracts.
The compounds that exhibit the antibacterial activity in the methanolic ex-
tracts in the previous studies might be extracted within the first two solvents,
as the activity was the strongest in the n-hexane extract. Hence the inhibitory
effect of methanolic extract was not observed in the current study. Another
reason can be the type of the bacteria used in the MIC assay. Previous studies
have demonstrated promising antibacterial activity against several MRSA and
PRSA strains with MIC and disc diffusion techniques. It has been proven that
H. perforatum L. has activity against different bacterial strains that were used
in the previous study, including S. aureus (PRSA) E12431, S. aureus (PRSA)
E12398, and S. aureus (MRSA) RV5 strains. It was also demonstrated that the
plant has activity against S. aureus ATCC 25923 strain which is the standard
strain used in the current study?2. Even though the previous study has demon-
strated inhibitory activity against the standard strain of S. aureus ATCC 25923,
no activity was observed in the current study, and this can be explained by the
reason mentioned above as the extraction was done with 3 different solvents,
as opposed to the study performed previously, as the antibacterial activity was
observed for both n-hexane and dichloromethane extracts against all the test-
ed S. aureus strains with MIC ranging between 256 — 512 uL/mL. Finally, one
of the reasons for the lack of antibacterial activity of methanolic extracts can be
the extraction type used. In the current study, Soxhlet extraction was used to
obtain the crude extracts. However, the extracts were obtained with different
techniques including percolation methods, decoction, or supercritical fluid ex-
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traction in the previous studies where the antibacterial activity was seen3242,
The type of extraction could affect the compounds within the extracts, hence
the antibacterial activity. In terms of Gram-negative bacteria, n-hexane ex-
tract has a promising result, as it showed significant MIC of 1 pL/mL, which is
the lowest concentration tested against E. coli ATCC 25922 strains. Previous
studies demonstrated that hyperforin which was isolated from H. perforatum
L. demonstrated antibacterial activity against the same bacterial strain with
the MIC of 0.1 pL/mL?*. The reason for the strong antibacterial activity of n-
hexane extract against E. coli could be the presence of hyperforin. Thereby,
further studies should be focused on this activity and isolating this compound
specifically for definitive results. Regarding B. subtilis, again n-hexane extract
had the highest inhibitory activity with the MIC ranging between 64 — 128 uL/
mL. Previous studies have shown that extracts of H. perforatum L. including
methanol extracts have an inhibitory effect against the same bacterial strain of
B. subtilis ATCC 6633 with MIC ranging between 25 — 50 uL/mL?%. The reason
for the lack of inhibitory activity in the methanol extract could be again the
solvents used for extraction. In the previous studies, extraction was done with
several solvents with similar polarity index, together with methanol. However,
in the current study, methanol was used as the last solvent. Thereby, the activi-
ty was the strongest for n-hexane extract, followed by dichloromethane extract
with the MIC ranging between 256 — 512 uL/mL and no activity for methanol
extract. The compounds that showed antibacterial activity within the methanol
extract in the previous study might be extracted with the n-hexane and dichlo-
romethane extracts. This can be identified by isolation and purification of the
compounds in the extracts with further research.

UPLC is a modern technique for liquid chromatography as it provides more
precise and reliable results by using a smaller particle size, which is 2 pm, than
HPLC which is between 3 — 5 um with a shorter run time, hence quick results.
It was invented in 2004, which can be considered as a fairly new technique,
and therefore it is not commonly used in the studies today*. Because of
this, the reports from previous studies are very limited for UPLC analysis of
H. perforatum, as the majority of the studies used the

HPLC technique, which is an older commonly used technique. The studies
that performed UPLC for the extracts of H. perforatum L. have demonstrated
some compounds that have antibacterial activity against various bacteria, and
some of the compounds include Hypericin, Hyperforin, and Luteoskyrin®. In
the current study, the compounds were identified depending on the retention
times of the compounds in the previous studies. The run times of the samples
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were different from some of the former studies. Therefore, the ratio of the re-
tention time and the total run time was used to compare with the peaks of
the extracts in this study to determine the compounds. Similarly, some of the
compounds were identified by comparing previous HPLC results of the plant
extracts in the same way. Further studies should focus on the identification of
the compounds by isolation and purification of the compounds and perform
UPLC with mass spectrometry for definitive results.

Although the present study evaluated a limited number of bacterial strains, the
promising results suggest that future studies should expand the range of clini-
cal isolates tested. Incorporating a broader spectrum of multidrug-resistant
(MDR) pathogens could validate the findings and increase the generalizabil-
ity of the antibacterial activity observed in n-hexane and dichloromethane ex-
tracts. The strong activity of the n-hexane extract against both Gram-positive
and Gram-negative bacteria, particularly MDR strains like S. aureus XU212
and E. coli ATCC 25922, highlights its potential as a natural antibacterial
agent. These findings could guide the development of plant-based inhibitors
targeting efflux pumps or other resistance mechanisms in pathogenic bacte-
ria. The results underscore the potential application of H. perforatum-derived
compounds in pharmaceutical sciences. By isolating and characterizing the ac-
tive components, these extracts could be optimized for therapeutic use, either
as standalone agents or in synergy with existing antibiotics. The UPLC analy-
sis revealed the presence of key bioactive compounds such as Hyperforin and
Hypericin, which are known for their antimicrobial properties. Further stud-
ies employing advanced techniques like UPLC-MS or NMR spectroscopy are
necessary to confirm these findings and to identify the unknown compounds
detected in both methanolic and dichloromethane extracts. Given the relative-
ly recent introduction of UPLC, its application in studying H. perforatum L.
extracts remains underutilized. Expanding its use in combination with mass
spectrometry could facilitate a deeper understanding of the plant’s chemical
profile and its link to antibacterial activity. While the MIC values of n-hexane
extract were higher than those of the synthetic antibiotic Norfloxacin, the re-
sults remain significant given that the extract represents a crude mixture. Op-
timization and purification of the active components could potentially enhance
their efficacy and position them as viable alternatives or adjuncts to synthetic
antibiotics. The study not only advances our understanding of natural antibac-
terial agents but also provides a foundation for the integration of less-polar
plant extracts into drug discovery pipelines. The demonstrated efficacy against
resistant strains suggests a promising avenue for addressing the global chal-
lenge of antibiotic resistance.
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The majority of the previous studies were focused on methanolic, ethanolic,
and aqueous extracts. However, in this study, less polar solvents, such as
n-hexane, were also used to examine the antibacterial properties of the plant
species against variety of bacteria. In addition to the information about the
antibacterial activity of methanolic and ethanolic extracts in the literature,
it was demonstrated that n-hexane extract has a promising inhibitory result
for some of the tested bacteria. Especially against E. coli, as the n-hexane
extract inhibited the bacteria for the lowest concentration tested, which was
1 uL/mL. Additionally, as the UPLC technique is a recently discovered liquid
chromatography technique, there were a limited number of UPLC analysis of
the H. perforatum L. extracts. Although there are some UPLC chromatograms
for the methanol extract of H. perforatum L., this study is the first report
on the UPLC chromatograms of the dichloromethane extract. With further
investigation, our findings will be helpful for the identification of the chemical
composition of H. perforatum L.
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