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Abstract

The use of plant extracts and their active compounds for medicinal purposes, particularly for antimicrobial activity, has
become increasingly prevalent in recent years. This study aimed to evaluate the antimicrobial activities of Peganum
harmala seed extract against various microorganisms using the disc diffusion method. Ethanol (65% concentration) was
used to extract the active components from the P. harmala plant. Eight types of flavonoids in the plant extract were
analyzed through HPLC. The antimicrobial activity of the extract was assessed against 15 microorganisms, including 14
bacterial strains and 1 fungus, via disc diffusion, minimum inhibitory concentration (MIC), minimum bactericidal
concentration (MBC), and minimum fungicidal concentration (MFC) tests. The results indicated that P. harmala exhibited
activity against Bacillus subtilis, Candida albicans, Enterobacter aerogenes, Enterococcus faecalis, Enterococcus
faecium, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Pseudomonas fluorescens, Salmonella
enteritidis, Salmonella infantis, Salmonella kentucky, Salmonella typhimurium, Staphylococcus aureus, and
Staphylococcus epidermidis, with MIC values ranging from 6.50 pug/mL to 52.03 pg/mL. The P. harmala extract
demonstrated both antibacterial and antifungal activity against all tested microorganisms, with varying efficacy.
Keywords: Peganum harmala, Antimicrobial activity, Flavonoid, Disc diffusion, MIC, MBC-MFC.

Uzerlik Ekstresinin Antimikrobiyal Aktivitesinde Flavonoidlerin Rol(

Oz

Bitki ekstraktlarmin ve bunlarin aktif bilesiklerinin tibbi amaglarla, 6zellikle antimikrobiyal aktivite i¢in kullanimi son
yillarda giderek yaygimlasmaktadir. Bu ¢alismada Uzerlik tohumu ekstraktinin gesitli mikroorganizmalara karsi
antimikrobiyal aktivitelerinin disk diflizyon yontemi kullanilarak degerlendirilmesi amaglandi. Aktif bilesenlerin P.
harmala bitkisinden ekstrakte edilmesi i¢in etanol (%65 konsantrasyon) kullanild1. Bitki ekstraktindaki sekiz tip flavonoid
HPLC yoluyla analiz edildi. Ekstraktin antimikrobiyal aktivitesi, 14 bakteri susu ve 1 mantar dahil 15 mikroorganizmaya
kars1 disk difiizyon, minimum inhibitér konsantrasyon (MIC), minimum bakterisidal konsantrasyon (MBC) ve minimum
fungisidal konsantrasyon (MFC) testleri yoluyla degerlendirildi. Sonuglar P. harmalamin Bacillus subtilis, Candida
albicans, Enterobacter aerogenes, Enterococcus faecalis, Enterococcus faecium, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Pseudomonas fluorescens, Salmonella enteritidis, Salmonella infantis,
Salmonella kentucky, Salmonella typhimurium'a kars1 aktivite gosterdigini gosterdi. MIK degerleri 6,50 ug/mL ile 52,03
png/mL arasinda degisen Staphylococcus aureus ve Staphylococcus epidermidis. P. harmala ekstrakti, test edilen tiim
mikroorganizmalara kars1 degisen etkinlikle hem antibakteriyel hem de antifungal aktivite gdsterdi.

Anahtar Kelimeler: Peganum harmala, Antimikrobiyal aktivite, Flavonoid, Disk difiizyon, MIK, MBK-MFK.
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1. Introduction

Imagine a world where over half the population turns to ancient remedies instead of modern
medicine. This is not just history; it is the reality for billions today. According to the World Health
Organization (WHO), approximately 4 billion people in developing countries rely on herbal medicine
and use these plants regularly. Although modern medicine is accessible in many regions, herbal
remedies continue to hold a significant place due to their historical and cultural roots (Arsdall, 2004;
Donmez et al. 2016). In human physiology, reactive oxygen species (ROS), commonly known as free
radicals, are produced as part of natural biochemical processes. However, excessive free radical
production can lead to oxidative damage in biological systems, resulting in diseases such as cancer,
diabetes, and accelerated aging. With the growing wave of industrialization, exposure to synthetic
antioxidants and unnatural chemicals has further exacerbated these issues. In response, there is a
global surge in demand for natural products that can neutralize free radicals and promote health.
Among these, non-wood forest products and medicinal plants are gaining attention for their rich
bioactive properties. Phenolic compounds, abundant in roots, leaves, shoots, and fruits of herbaceous
and woody plants, stand at the forefront of this exploration. Despite substantial research, a vast
number of plant species remain untapped, holding the promise of groundbreaking discoveries (Borneo
et al., 2009; Loizzo et al., 2010; Dubey et al., 2020; Aburjai et al., 2007). Interestingly, previous
studies have highlighted the ability of certain flavonoids, a subclass of phenolic compounds, to exhibit
superior antioxidant and antimicrobial properties, making them ideal candidates for modern
therapeutic applications. But what if these plants are not just traditional remedies, but vital tools in
modern health systems? The accumulated knowledge about plant usage in healthcare systems
worldwide holds immense value. Evaluating the relative importance of medicinal plants and the
consistency of traditional knowledge using quantitative tools like use value (UV) and informant
consensus factors can provide actionable insights (Gazzaneo et al., 2005; Ait Abderrahim et al., 2019).
Aromatic and medicinal plants are known for their diverse secondary metabolites, many of which
exhibit antioxidant, antimicrobial, and anti-inflammatory effects. Their potential is now being
harnessed in innovative therapies that rival synthetic drugs. Recent studies have demonstrated their
role in reducing the side effects of conventional treatments and enhancing their efficacy. The raw
extracts and specific phytochemicals derived from these plants are paving the way for natural
remedies with minimal adverse effects (Yuca et al., 2022; Sener et al., 2017). Moreover, the growing
resistance of microorganisms to conventional antibiotics further emphasizes the need for such natural
alternatives, underscoring the urgency of research into these plant-based bioactive compounds. As
global health challenges intensify, the search for natural antimicrobial agents has become a race

against time. The overuse of commercial antimicrobial drugs has led to an alarming rise in drug-
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resistant microorganisms. This crisis has prompted researchers to explore plant-based antimicrobial
agents, including lesser-studied species, for their ability to combat resistant strains. However, many
non-wood forest products with potential benefits remain unexplored. As research advances, there is
a growing focus on substances with proven antioxidant and antimicrobial properties to ensure they
meet the stringent requirements for therapeutic applications (Essawi and Srour, 2000; Palchykov et
al., 2020). In this context, P. harmala emerges as a beacon of promise. Commonly known as Syrian
rue, P. harmala is a perennial herbaceous plant widely distributed across arid regions. Blooming in
May to July, it produces dark brown, pyramid-shaped seeds with remarkable therapeutic potential.
Traditionally, P. harmala seeds have been used to stimulate the central nervous system and treat
ailments such as hemorrhoids (Yuca et al., 2022; Kogak and Sahin, 2009). This plant exhibits diverse
biological activities, including analgesic, anti-inflammatory, antibacterial, and anticancer properties.
Notably, P. harmala seeds have been used in traditional treatments for skin and subcutaneous cancers.
Its bioactive components demonstrate remarkable efficacy against tumor cell lines, as evidenced by
both in vitro and in vivo studies, suggesting its potential as a multi-target therapeutic agent. Other
traditional uses of the plant encompass treatments for digestive issues, rheumatic diseases, colic, and
asthma, reflecting its broad therapeutic applications (Maksimovic et al., 2005; Shahrajabian et al.,
2021). Although various parts of P. harmala, such as leaves and stems, have been utilized in
extraction studies, the majority of research focuses on its seeds. Solvent extraction, a widely used
method for isolating active compounds, has employed solvents such as water, methanol, ethanol, n-
hexane, chloroform, and supercritical fluids (Hajji et al., 2020; Saeedeh et al., 2022; Arif et al., 2022;
Mahmoud and Jassim, 2021; Allag et al., 2021). These compounds have been tested for various
bioactivities, including antioxidant, antibacterial, antifungal, antiviral, and antiparasitic properties
(Iranshahy et al., 2019; Altuner and Canli, 2012; Canli et al., 2015; Krakhmalnyi et al., 2023; Tosun, 2024;
Makhlof et al., 2023; Mangalagiri et al., 2021). Despite the extensive use of seed extracts, few studies
have explored the bioactive potential of other aerial parts, particularly in the context of antimicrobial
efficacy. More than 308 compounds have been identified in P. harmala, including alkaloids,
flavonoids, and volatile oils. The primary bioactive compounds in its seeds, such as B-carboline
alkaloids, exhibit potent biological activity, with harmine, harmaline, harmalol, harmane, and harmol
being the most prominent. The alkaloid content of the seeds is particularly high, reaching up to 10%
(Altuner et al., 2012, Estivi et al., 2022).

This study aims to unlock the untapped potential of P. harmala by focusing on its aerial parts.
Using Soxhlet extraction with ethanol, phenolic components in the extracts were identified via
standard chromatographic methods. The antimicrobial activity of these extracts was assessed against
15 different microorganisms using disk diffusion, Minimum Inhibitory Concentration (MIC),

Minimum Bactericidal Concentration (MBC), and Minimal Fungicidal Concentration (MFC) tests.
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This research strives to illuminate the path toward sustainable and natural alternatives in antimicrobial

therapy, addressing both current and future health challenges.

2. Materials and Methods

2.1. Materials

Peganum harmala seeds were procured from Ozsen Lokman Hekim Company, Ankara,
Turkey. The plant species was identified in the laboratories of the Faculty of Forestry, Kastamonu
University. Ethanol (96%) was obtained from TEKKIM Kimya. The 15 microorganisms used in the
antimicrobial assays were sourced from the stock cultures at the Faculty of Sciences, Department of
Biology, Kastamonu University. Additionally, Mueller Hinton Agar (ready-to-use solid media),
liquid Nutrient Agar broth, and plates for antimicrobial testing were provided by Merck Company.
Also, GCMS and HPLC analyses were carried out at Kastamonu University Central Research
(MERLAB) laboratory.

2.2. Microbial Strains

The following 15 microbial strains were utilized to evaluate the antimicrobial activity of P.
harmala seed extract: Staphylococcus epidermidis DSMZ 20044, Staphylococcus aureus ATCC
25923, Pseudomonas aeruginosa DSMZ 50071, Salmonella typhimurium SL 1344, Pseudomonas
fluorescens P1, Salmonella kentucky, Salmonella enteritidis ATCC 13075, Enterococcus faecalis
ATCC 29212, Salmonella infantis, Bacillus subtilis DSMZ 1971, Enterobacter aerogenes ATCC
13048, Candida albicans DSMZ 1386, Enterococcus faecium, Klebsiella pneumoniae, and
Escherichia coli ATCC 25922. These strains are microorganisms that generally cause disruption of
the intestinal flora and stomach disorders. In this study, a large number of microorganisms were
studied in order to identify alternative antimicrobial agents in response to multidrug resistance in

bacteria that reduces the effectiveness of commonly used antimicrobials.

2.3. Extraction method

The P. harmala seeds were washed with distilled water for 2-3 minutes to remove dust and then
air-dried at room temperature. After drying, the seeds were ground into a fine powder using a large
chamber grinder. A 30 g dry weight sample was extracted with 250 mL of 65% ethanol using a

Soxhlet apparatus for 24 hours. This extraction process was performed in triplicate. The resulting
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extracts were filtered through Whatman No.1 filter paper. The solvents were evaporated using a rotary
evaporator to obtain the final extracts. The extracts were stored in amber bottles at 4°C to prevent
exposure to light. Consider adding the specific duration and temperature for the drying process, if

applicable, as this may influence extract yield.

2.4. High-Performance Liquid Chromatography (HPLC) Analysis

HPLC analysis was conducted using an Agilent Eclipse XDB device with a C18 5 um, 4.6 x
250 mm column at a column temperature of 30°C in the Central Research Laboratory of Giresun
University. Flavonoid content was measured at 280 nm with an injection volume of 20 pL. Standard
solutions were prepared using a 35% distilled water and 65% ethanol mixture. The mobile phases
used were: mobile phase A (5% formic acid and 95% water) and mobile phase B (5% acetonitrile and

95% formic acid). The flow rate of the mobile phases was maintained for 39 minutes.

2.5. Preparation of Extract Stock

Extract stocks for antimicrobial assays were prepared by dissolving 1 mg of the extract in 3 mL
of ethanol. Ethanol, which was used as a solvent in the extraction of the extract, was also preferred in
the preparation of the solution for the antimicrobial study. For the Minimum Inhibitory Concentration
(MIC) tests, distilled water was used as the solvent. The prepared extract stocks were filtered using
0.45 um Whatman No.1 filter paper to remove any particulate matter. It may be beneficial to clarify
the rationale for using ethanol as the solvent, especially in comparison with other solvents, as it can

impact the solubility of bioactive compounds.

2.6. Preparation of Inocula

Each microorganism was spread on solid medium before the study and the bacteria were
incubated at 37 °C for 24 hours and C. albicans was incubated at 27 °C for 48 hours. The inoculum
preparation followed the protocols of Altuner and Canli (2012), and Canli et al. (2015). Colonies
exhibiting morphologically similar characteristics to the organisms of interest were selected and
transferred to physiological saline to prepare the inocula, as outlined in the study by Canli et al.
(2016). Using the 0.5 McFarland standard, the microbial suspensions were adjusted to approximately
1078 cfu/mL for bacterial strains and 10°7 cfu/mL for C. albicans (Canli et al., 2016).
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2.7. Disk Diffusion Test

The disk diffusion test was performed as described by Canli et al. (2014). Mueller Hinton Agar
plates were prepared, and 20, 50, and 100 pL of the extract stock were loaded onto sterile antibiotic
discs. In order to compare the efficacy of antibiotic discs impregnated from the extract stock on
microorganisms, impregnation process was carried out according to 20, 50 and 100 mL ratios. The
inoculum was spread evenly on the surface of the agar plates, and the extract-impregnated discs were
applied to the plates under aseptic conditions for 2-3 minutes. The inhibition zones were measured
according to the method established by Altuner et al. (2014).

2.8. Minimum Inhibitory Concentration (MIC) Test

The MIC test was carried out according to the microdilution method outlined by Balouiri et al.
(2016). Sterilized 96-well microtiter plates were used for the dilution series, ranging from 6.50 pg/mL
to 33 mg/mL of the extract. After the dilutions were prepared, the dilution was completed by diluting
in microtiter plate wells. Bacterial strains and C. albicans were incubated at 37°C for 24 hours and

27°C for 48 hours, respectively, with the plates in a fixed position.

2.9. Minimum Bactericidal/Fungicidal Concentration (MBC/MFC) Test

In the MBC and MFC tests performed according to the results of the MIC test, samples taken
from the most dilute dilution that had a suppressive or lethal effect against microorganisms were
planted on solid medium. In this way, the effectiveness of the dilution at the lowest concentration was
determined. MBC and MFC tests were performed on samples where microbial growth was visibly
inhibited in the MIC test wells. The samples from the last diluted well, which showed inhibition, were
streaked on partitioned nutrient agar plates. The plates were incubated at 37°C for 24 hours for
bacterial strains and at 27°C for 48 hours for C. albicans (Altuner, 2011).

2.10. Controls

For the disk diffusion test, empty disks were used as controls in each solid medium, in addition
to the extract-impregnated discs. In the MIC test, liquid medium without extract was included as a
negative control, and inoculated wells ensured positive control for the microorganisms (Altuner,
2011).
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2.11. Statistical Analysis

All tests were performed in triplicate, and the results were averaged across the three repetitions.
Statistical analysis was conducted using the Kruskal-Wallis one-way analysis of variance (ANOVA),
a non-parametric test. The significance level was set at p < 0.05. Statistical analysis was performed

using the SPSS 23 package program.

3. Results and Discussions

The quantitative results of HPLC, obtained using the available standard flavonoid samples, are
presented in Table 1. According to the data shown in the table, rutin, luteolin, and apigenin were
detected in P. harmala extracts at concentrations of 3.41 pg/g, 2.73 ug/g, and 1.69 ug/g, respectively.
Rutin, one of the most abundant flavonoids, is a strong antioxidant, offering advantages such as being
non-oxidizing and non-toxic (Satari et al., 2021). Luteolin, a flavonoid commonly found in plant
structures, has significant antioxidant and anti-inflammatory properties (Mizuno and Nishitani,
2013). Additionally, apigenin, commonly found in fruits, vegetables, nuts, onions, oranges, and tea,
is a flavone with various beneficial health effects, including antioxidant, anti-inflammatory, and
chemopreventive activities (Shukla et al., 2019). These findings suggest that the presence of these

flavonoids may contribute to the therapeutic potential of P. harmala seeds.

Table 1. The results of HPLC analysis for some flavonoids (ug/g plant)

Catechin Epicatechin Rutin  Naringin  Myricetin  Luteolin Naringenin Apigenin

P. harmala - - 3.41 - - 2.73 - 1.69

Figure 1 shows the antimicrobial activity results of the P. harmala seed extract against 15
microorganisms using the disc diffusion method. Impregnated discs with a 100 pL extract
concentration showed high antimicrobial activity across all tested microorganisms. However, no
activity was observed for P. harmala extract against E. faecalis, P. aeruginosa, and S. enteritidis
strains at a dosage of 20 yL. The highest antimicrobial activity was recorded against C. albicans, with
zones of inhibition measuring 10 mm, 22 mm, and 25 mm for dosages of 20 pL, 50 pL, and 100 pL,
respectively. Activity against the other microorganisms was similar and appeared relatively consistent

across the tested dosages.
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Iranshahy et al. (2019) reported similar findings, stating that P. harmala extract was most
effective against C. albicans and showed less sensitivity to P. aeruginosa. Additionally, Mahmoud
and Jassim (2021) found the best antimicrobial effect of P. harmala extract was against S. aureus and
K. pneumonia, with inhibition zones of 19 mm and 20 mm, respectively. Abdulridha et al. (2019)
observed that P. harmala extract formed inhibition zones ranging from 10 mm to 18 mm against
Streptococcus, E. coli, Staphylococcus, and Acinetobacter but showed no effect on Aeromonas and
Klebsiella. Similarly, Kaya and Akbas (2023) conducted studies on the antioxidant and antimicrobial
activity of methanol extract from P. harmala seeds, which exhibited inhibition zones ranging from
22 mm to 30 mm. Shaheen et al. (2022) also reported strong antifungal activity of ethanol extracts of
P. harmala fruit against A. flavus and C. albicans, with inhibition zones of 5+ 1 mmand 4 £ 1 mm,

respectively.
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Figure 1. Disk diffusion test results of P. harmala seed extracts

Building upon the disk diffusion results, a Minimum Inhibitory Concentration (MIC) test was
performed to further investigate the suppressive or lethal effects of the P. harmala seed extract. As
shown in Figure 2, the seed extract demonstrated an inhibitory effect against all tested
microorganisms. The MIC values for B. subtilis, C. albicans, E. faecium, K. pneumonia, and P.
aeruginosa were found to be 6.50 pg/mL, indicating the most diluted concentration with
antimicrobial activity. The MIC for E. faecalis and S. kentucky was found to be 52.03 pg/mL, the
highest MIC value among all tested microorganisms. These findings highlight the variable
susceptibility of microorganisms to P. harmala seed extract, with certain bacteria requiring higher

concentrations for inhibition.
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A. Abderrahim et al. (2019) reported similar MIC values for P. harmala seed extracts, with
MIC values of 0.6 mg/mL against C. albicans and 0.5 mg/mL against S. aureus. In another study,
Hadadi et al. (2020) found that methanol extracts of P. harmala fruit achieved a MIC value of 1.56
pg/mL against S. aureus and E. coli, while chloroform fruit extracts achieved a MIC of 1.56 pg/mL

against P. aeruginosa.
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Figure 2. Minimum Inhibitory Concentration (MIC) test results of extracts

The Minimum Bactericidal Concentration (MBC) and Minimum Fungicidal Concentration
(MFC) results for P. harmala seed extract are shown in Figure 3. These tests demonstrated that the
extract had a "cidal" effect against all tested microorganisms. The lowest MBC/MFC values were
observed for C. albicans, with an MBC/MFC value of 416.25 pg/mL, while the highest MBC/MFC
values (MBC/MFC > 3330 pug/mL) were achieved for B. subtilis, E. faecalis, and E. coli strains. These
findings suggest that while P. harmala seed extract may exhibit a bactericidal and fungicidal effect,

the required concentrations for complete eradication of certain microorganisms are quite high.
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Figure 3. Minimum Bactericidal Concentration (MBC) and Minimal Fungicidal Concentration
(MFC) test results of extracts

In the similar studies, close results were reported to our findings; Mahmoud and Jassim (2021)
was found the minimum inhibitory concentration (MIC) of P. Harmala extract as 4 mg/mL for S.
aureus and 8 mg/mL for K. pneumonia, and the minimum bactericidal concentration (MBC) was 8
mg/mL for S. aureus and 16 mg/mL for K. pneumonia. Allaq et al. (2021) observed that the crude
ethanol extract of P. harmala seeds had significant antioxidant activity with an 1Cso value of
179.62+7.32 ng/mL. The minimum inhibitory concentration (MIC) of the extract was 31.25 mg/mL
for E. coli, 15.62 mg/mL for S. aureus and 1.95 mg/mL for B. subtilis, and the minimum bactericidal
concentration (MBC) was 62.50 mg/mL for E. coli, 31.25 mg/mL for S. aureus and 7.98 mg/mL for
B. subtilis. Ansari (2020) investigated the antispasmodic and antidiarrhoeal effects of the extract of
P. harmala L. obtained with methanol as a solvent. The antimicrobial activity of P. harmala extract
against B. subtilis, S. aureus, K. pneumonia, E. coli, Aspergillus niger and C. albicans
microorganisms was investigated by disc diffusion method. P. harmala was found to form a zone in
the range of 28-40 mm against B. subtilis, S. aureus, E. coli, A. niger and C. albicans microorganisms.
However, it was not determined any effect against K. pneumonia.

Bin-Masalam et al. (2021) investigated the antimicrobial activity of extracts obtained from P.
harmala by disc diffusion and minimum inhibitory concentration (MIC). P. harmala extracts gave

effective MIC values against K. pneumonia, B. cereus and S. aureus microorganisms.
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4. Conclusion

The results of our study, in conjunction with similar research, highlight the growing potential
of plant-based extracts to meet the increasing demand for natural products. These extracts,
particularly those rich in flavonoids, offer valuable antimicrobial properties that warrant further
exploration for their diverse applications. In particular, the broad-spectrum antimicrobial effects
observed in this study underscore the need for deeper investigation into the underlying mechanisms
of these natural compounds.

HPLC analysis, adhering to current standards, identified three flavonoid types-rutin, luteolin,
and apigenin-in the ethanol extract of Peganum harmala. Out of the eight flavonoids tested from the
studied sample library, these compounds were found to contribute to the antimicrobial activity of the
extract. The study revealed that P. harmala demonstrated broad-spectrum antimicrobial activity
against a wide range of microorganisms, including B. subtilis, C. albicans, E. aerogenes, E. faecalis,
E. faecium, E. coli, K. pneumoniae, P. aeruginosa, P. fluorescens, S.a enteritidis, S. infantis, S.
kentucky, S. typhimurium, S. aureus, and S. epidermidis. These findings suggest that P. harmala seed
extract has significant potential as an antimicrobial agent. Notably, the extract’s effectiveness against
both Gram-positive and Gram-negative bacteria, as well as fungi, positions it as a promising candidate
for further development. The identification of active flavonoids and the extract’s strong antimicrobial
properties open avenues for future in vivo studies to assess the efficacy of these compounds in living
organisms. Furthermore, this study encourages further investigation into the therapeutic potential of
other plants from the P. harmala family, which have been used in folk medicine for centuries, and
their relevance in modern medical practices. The pharmacological potential of P. harmala could
expand the scope of natural medicine, particularly in combating infections that are resistant to
conventional antibiotics. Future research should focus on isolating and identifying the specific
compounds responsible for the antioxidant and antimicrobial activities of P. harmala seed extract.
Advanced techniques such as bioassay-guided fractionation could aid in this pursuit. Additionally, a
deeper understanding of the extract’s mechanism of action against bacterial pathogens and its
potential toxicity in human cells is necessary to establish its safety and therapeutic efficacy.
Moreover, further studies could explore the potential industrial and medicinal applications of this
extract, particularly in formulation development for pharmaceutical or natural product industries.
Investigating synergistic effects with existing antibiotics could also present a promising approach to

enhance therapeutic outcomes.
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