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ABSTRACT: Hypericum origanifolium Willd. var. origanifolium, commonly known as "Liifer otu". Since the number of
studies on this taxon is limited, this study aimed to evaluate its biological activities, especially its antioxidant, and
antimicrobial activities. Extracts were prepared with methanol, n-hexane and ethyl acetate solvents from the aerial parts
of the plant. In the DPPH" assay, the n-hexane extract exhibited higher antioxidant activity compared to other extracts,
with an ICs5 value of 0.096+0.021 mg/mL. The highest total phenolic content was observed in the n-hexane extract
(75.73120.016 mg GAE/g extract), while the lowest total phenolic content was found in the ethyl acetate extract
(40.42+0.003 mg GAE/ g extract). The extracts showed antimicrobial activity against all tested microorganisms at values
ranging from 7.81-4000 pg/mL. It was proven to have strong antibacterial activity, especially against S. aureus, B. subtilis,
and E. faecalis microorganisms, with its low MIC (minimum inhibitory concentration) value (7.81-62.5 pg/mL). The
study's findings show that H. origanifolium var. origanifolium extracts have the potential to be a good source of free
radicals. Targeting particular bacterial illnesses may be possible given the notable antibacterial efficacy against particular
strains.
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1. INTRODUCTION

Hypericaceae is represented by a single genus, Hypericum L., in Tiirkiye. Hypericum species are known
in folk medicine as kantaron, kanotu, binbirdelik otu, mide otu, kilicotu, iilser otu [1,2]. According to the
Flora of Turkey [3] and the East Aegean Islands, there were 69 species, but recent data show that there are 95
species and 103 taxa of Hypericum in Tuirkiye. Among these, 47 taxa are endemic, with an endemism rate of
50% [2]. Hypericum species have been traditionally used for treating wounds, burns, gastric ulcers, anxiety,
and mild to moderate depression. Creams and ointments containing the aerial parts of Hypericum possess
analgesic and antiseptic properties, accelerating the healing process. Oil extracts prepared by soaking the
flowers of Hypericum in pure olive oil have been used as an effective remedy for wounds and burns for
centuries worldwide. Hypericum has also been found useful in alleviating vasomotor symptoms such as hot
flashes during menopause [4,5].

H. origanifolium is a perennial herb from the Hypericaceae family, typically growing to a height of 5-30
cm with erect or ascending branches. Its leaves are oval to elliptic, with small black glands on the surface,
and it produces bright yellow, five-petaled flowers. This species thrives in dry grassy slopes and rocky
habitats, demonstrating a remarkable ecological tolerance by growing at altitudes ranging from 50 to 2400
meters. It prefers well-drained, often calcareous soils, which allows it to adapt to relatively arid conditions.
H. origanifolium exhibits a broad distribution across various regions of Tiirkiye, including Bilecik, Sakarya,
Zonguldak, Kastamonu, Tokat, Eskisehir, Ankara, Kayseri, Sivas, Konya, Icel, and Hatay [3].

Secondary metabolites obtained from Hypericum species can be sorted into a minimum of 11
categories, encompassing naphthodianthrones, flavonoids, essential oils, flurogonol derivatives, xanthones,
organic acids, amino acids, proanthocyanidins, tannins, along with other water-soluble constituents. Recent
research has pointed out that hyperforin plays a important role as the primary chemical compound
responsible for the antidepressant effects observed in Hypericum extracts. Moreover, the antidepressant and
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antiviral properties of Hypericum extracts have predominantly been ascribed to naphthodianthrones,
hypericin, and pseudohypericin [6,7]. Hypericin and pseudoypericin, which have red pigments, have many
important biological activities. It has many effects such as antimicrobial, antipsoriatic, antitumoral and
antidepressant [8].

Smelcerovic et al., analyzed 17 Hypericum species, they can be categorized into nine distinct sections.
Every extract examined displayed the seven typical components, except for the extracts from H. origanifolium
and H. scabrum, which were deficient in rutin. The highest concentrations of hypericin and pseudohypericin
were detected in the extracts derived from two species (H. perforatum and H. triquetrifolium) that are members
of the Hypericum section [9].

In a study, the effects of H. perforatum, H. montbrettii, and H. origanifolium plant extracts were
examined on non-small cell lung cancer (A549), cervical adenocarcinoma (HeLa), and normal cells
represented by NIH3T3 fibroblast cells. Methods such as MTT assay, neutral red assay, soft agar colony
formation, and acridine orange staining tests were applied. Cytotoxic and antiproliferative effects were
observed in all tested plant extracts on all examined cells. This study revealed these effects for the first time
for H. montbrettii and H. origanifolium. Despite some apoptotic features in plant extracts, it was determined
that the observed antiproliferative effects were not significantly dependent on apoptotic activity [10].

Among Hypericum species, H. perforatum is the most researched species. H. origanifolium has recently
been evaluated as a potential alternative to the well-established H. perforatum in the European Union market
due to its hypericin and phenolic content [11]. Conventional, the aerial parts of the H. origanifolium are
brewed in hot water and used for hemorrhoids [12]. Given the paucity of research on H. origanifolium var.
origanifolium (Figure), the objective of this investigation was to assess the biological activities of the taxon,
with a particular focus on its cytotoxic, antioxidant, and antibacterial properties.
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Figure. Hypericum origanifolium Willd. var. origanifolium
2. RESULTS AND DISCUSSION
2.1. Extract yields

The dried plant's aerial parts underwent maceration using n-hexane, ethyl acetate, and methanol in a
shaker, lasting 48h. The quantification of the resulting extracts was determined relative to the dry plant
material (g extract /100 g plant). The yields of methanol, ethyl acetate, and n-hexane extracts were 31.2%,
10.9%, and 10.1%, respectively.

2.2. Antioxidant activity and total phenolic content

Table 1 displays the data for total phenolic content and antioxidant activity. The n-hexane extract of H.
origanifolium var. origanifolium showed the highest antioxidant activity, with an ICsy value of 0.096+0.021
mg/ml, according to the results of the DPPH- free radical scavenging experiment. The total phenolic content
of the extracts was found to be highest in n-hexane (75.73£0,016 mg GAE/g extract) and lowest in ethyl
acetate (40.42+0.003 mg GAE/ g extract).
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Table 1. Total phenolic contents and antioxidant activity of extracts

Extracts GAE (mg GAE/g extract) DPPH Test ICs (mg/mL) ABTS test-TEAC (Mm)
Methanol 40.94+0.028 0.14740.004 2.14+ 0.02
n-hexane 75.7340.016 0.09640.021 1.90+ 0.08
Ethyl acetate 40.42+0.003 0.17240.027 1.18+ 0.07
Gallic acid (GA) - 0.0016 2.93+0.03

GAE: gallic acid equivalent, TEAC: Trolox equivalent antioxidant capacity

In the study conducted by Giil et al., ethanol extract of the flowers and leaves from the H. origanifolium
was obtained. As a result of the DPPH: antioxidant experiment, antioxidant activity in leaves and flowers
was found to be 23.16+0.48 and 17.03+0.24 mg Trolox equivalent /g, respectively. The total amount of
phenol was found to be 98.89+2.17 and 144.96+2.95 mg GAE/ g extract in the flowers and leaves, respectively
[13]. In a study by Giizel et al., the antioxidant activity of H. origanifolium, H. perforatum, and H. montbretii
species was examined. Water extracts showed the lowest level of radical scavenging action, whereas ethyl
acetate extracts showed the highest level. At the studied concentrations, the most active plants were H.
montbretii and H. origanifolium flowers and leaves. Their activity was similar to that of the positive control,
butylated hydroxytoluene. Still, all extracts except leaves of H. montbretii showed weakness [10]. The ethanol
extract of H. origanifolium was investigated in a 2018 study. It was discovered that the dry extract had a total
phenolic content of 93.4 + 1.6 mg GAE/g. and the ICsp values found in the bleaching analyses of B-carotene
and DPPH- were 230 + 0.2 pg/mL and 270 = 0.1 pg/mL, respectively [14]. In this study, the ABTS
antioxidant capacity values for H. origanifolium extracts were determined as follows: methanol extract, 2.14 +
0.02 mM; n-hexane extract, 1.90 + 0.08 mM; and ethyl acetate extract, 1.18 + 0.07 mM. These values indicated
moderate antioxidant activity, with the methanol extract showing the highest TEAC value among the
solvents tested. The number of studies on the biological activity of H. origanifolium is limited in the literature.
In a study conducted by Seyrekoglu et al., the antioxidant capacity of H. origanifolium ethanol-water (3:7)
extract was reported to be the highest, with a TEAC value of 11.28 + 0.28 mM/gDW, measured by the ABTS
assay [15]. The results of our study are consistent with previous findings.

Hypericin and hyperforin are hydrophobic and virtually insoluble in water, being better soluble in
nonpolar solvents [16]. n-hexane extract is thought to be more effective due to the nonpolar compounds
found in Hypericum, which are responsible for many biological activities of the plant. It is impossible to make
a clear comparison since many factors such as the methods used in examining antioxidant activity and total
phenolic content in previous experiments, standard substances, the part of the plant used, and the solvent
changed during the experiment.

2.3. Antimicrobial activity

All of the extracts showed antimicrobial activity against all tested microorganisms varied between
7.81- 4000 pg/mL. The MIC values of plant extracts were given in Table 2. It has been proven with its low
MIC value (62.5, 31.25, 15.6, 7.81, pg/mL) that it has strong antibacterial activity especially against S. aureus,
B. subtilis and E. faecalis microorganisms. The strong antibacterial activity seen in B. subfilis was observed in
n-hexane and ethyl acetate extracts. This effect is thought to be due to the nonpolar compounds contained in
the extracts effective on B. subtilis. The P. aeruginosa is more resistant than other bacteria strains and the
Candida species are also more resistant than bacteria species. According to the extract types, the n-hexane
exhibited strong antimicrobial activity with lower concentrations.

In comparison between bacterial cultures, all extract types showed the highest effect on B. subtilis, S.
aureus and E. feacalis, respectively. This indicates that Hypericum extracts are more effective on Gram positive
than on Gram negative bacteria. In a study conducted by Kakouri et al. in 2023, the antimicrobial activity of
different Hypericum species collected from Greece was compared on both Gram positive and Gram negative
bacteria. The results showed that Gram-negative bacteria showed resistance to Hypericum extracts, while the
development of Gram-positive bacteria was well inhibited [17]. Previously, ethanol extract of H. origanifolium
leaves and flower parts antimicrobial activity against nine bacterial strains was examined. MIC values were
32 and 64 pg/mL in flower and leaf extracts against S. aureus and P. aeruginosa strains, respectively, and 32
and 128 pg/mL against the B. subtilis strain [13]. Among antifungal tests, H. origanifolium var. origanifolium
extracts showed the highest effect against C. glabrata. In the study conducted by Tocci et al. in 2018, H.
hircinum, H. maculatum, H. montanum, H. perforatum, and H. hirsutum extracts were found to be 250-500
pg/mL on C. glabrata, while in the present study, except for n-hexane extract (1000 pg/mL), all of them
showed antifungal activity at 250 and 500 pg/mL [18].
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Table 2. MIC values of plant extracts (pg/mL)

H. origanifolium  E.feacalis P.aeruginosa  S.aureus B.subtilis C.albicans C.glabrata
var. origanifolium

extracts and

standards

Methanol 31.25 4000 15.6 15.6 2000 500
Ethyl acetate 62.5 2000 31.25 7.81 500 250
n-hexane 31.25 1000 15.6 7.81 1000 1000
Chloramphenicol 125 62.5 0.97 15.6 - -
Ketoconazole - - - - 62.5 15.6

3. CONCLUSION

The study's findings show that H. origanifolium var. origanifolium extracts have the potential to be a
good source of free radicals. The significant relationship between total phenolic content and antioxidant
activity highlights the function of phenolic compounds in the effects that have been seen. It has also been
found very effective against E. feacalis, S. aureus, and B. subtilis bacterial strains. The significant antibacterial
activity against specific strains indicates the possibility of targeting certain bacterial infections. In conclusion,
H. origanifolium var. origanifolium exhibits promising bioactive properties that deserve further exploration in
pharmaceutical and nutraceutical fields.

4. MATERIALS AND METHODS
4.1. Plant material and extraction

The plant (ESSE herbarium no: 16296) was taken in May 2022 from the Seyitgazi district of Eskisehir.
The aerial parts were extracted using methanol, n-hexane, and ethyl acetate. After weighing ten grams of the
material, 100 milliliters of solvent were added. The samples were macerated for 24 hours (8x3) at room
temperature in an shaker set to 150 rpm. Following the maceration process, the macerates were filtered and
the solvents were extracted using a low-pressure rotary evaporator. Until they were used, the solvent-free
extracts were kept in a refrigerator at +4 °C.

4.2, Determination of antioxidant activity and total phenolic content

The antioxidant activities of the extracts of H.origanifolium var. origanifolium prepared using different
solvents (n-hexane, ethyl acetate and methanol) from the aerial parts were determined by ABTS-+ and
DPPH: free radical scavenging assay. The methods of Kumarasamy et al. were used for the determination of
DPPH: radical scavenging effect. % Inhibition was calculated with the formula given below [19].

% Inhibition = [(Abscontrol - Absample) / Abscontrol] x 100

ICso values were determined with the help of nonlinear regression curves (SigmaPlot 13th version,
SPSS Inc., Chicago, IL).

The ABTS + (2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) radical scavenging detection was
performed as reported by Re et al. (1999) [20]. The antioxidant effects of the samples were determined by
comparing them with the ABTS"* radical scavenging effect of Trolox (standard substance). Samples
prepared at 1 mg/mL concentration were studied under the same conditions as Trolox (3; 2; 1; 0.5; 0.25 mM).

The extract's total amount of phenol was determined as equivalent to mg Gallic Acid using the Folin-
Ciocalteu reagent method. The method based on the Folin-Ciocalteu reagent (FCR), known as the total
phenolic reagent, determines the reducing capacity of the sample. Gallic acid is usually used as the standard
compound and results are given as gallic acid equivalent (mg/mL). Different solutions of gallic acid were
prepared in the concentration range of 1-0.03 mg/mL, absorbance values were recorded at 760 nm, and the
calibration equation was determined by drawing the concentration absorbance graph of gallic acid. Samples
absorbance measurements at 760 nm were taken and compared with the gallic acid calibration curve. TFC
(Total Phenolic Content) was calculated as Gallic Acid Equivalents (GAE) in mg/g dry weight of plant
material. A reagent mixture without extract and solvent was used as a control. Three parallel experiments
were performed then the results were given as mean values [21,22].

4.3. Microbroth dilution method
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By using microbroth dilution method minimum inhibitory concentration (MIC) of extracts were
determined against standard microorganisms. The MIC’s were defined as the lowest concentrations
necessary for the inhibition of growth [23]. Different concentrations of methanol, n-hexane, and ethyl acetate
extracts were applied to Staphylococcus aureus ATCC 29213, Pseudomonas aeruginosa ATCC 27853, Bacillus
subtilis NRRL B478, Enterococcus faecalis ATCC 51299, Candida albicans ATCC 90028, and Candida glabrata
ATCC 90030 microorganisms. All plant extracts were weightened and dissolved in the appropriate solvents.
The concentrations of plant extracts were prepared by two-fold serial dilution technique in 96-well
microplate to 4000, 2000, 1000, 500, 250, 125, 62.5, 31.25, 15.6, 7.81, 3.90, 1.95 ng/mL. The McFarland 0.5
standard (1 x 108 cfu/mL) was adjusted for the microbe cultures overnight in sterile saline (0.85%) solution.
100 pL of each microorganism culture was then injected onto the plates and incubated for 24 hours at 37°C.
As a reference control, ketoconazole was utilized for fungus and chloramphenicol for bacteria species.
Following the incubation period, wells were stained with 20 pL of resazurin (0.01%) dye in order to see the
color differences between living and dead cells (which ranged from pink to blue-green). The experiment was
repeated three times and the results were averaged.
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