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New Insights into Secondary Metabolite Potential in
Hypericum Perforatum, UPLC-ESI-MS/MS to Novel
Phytochemical Discovery with Bioactivity Assessment

Labza Roumaissa, @ Hamida Saida Cherif,!2] Larbi Derbak, P! Petras Rimantas Venskutonis, ¢!

Ibrahim Demirtas,!9! Alzahrani Mohammed M,€

and Stefania Garzoli*{f]

Different anatomical components of Hypericum perforatum (H.
perforatum) have been utilized by humans for generations as
a natural remedy with pharmacological attributes. This work
aimed to investigate the secondary metabolite potential of H.
perforatum from algeria using LC-ESI-MS/MS to determine its
phytochemical profile. LC-ESI-MS/MS analysis revealed 22 com-
ponents, with isoquercitrin being the most abundant bioactive
compound at a concentration of 4162 pg/g. The total pheno-
lic and flavonoid contents were also quantified, with TPC equal
17154 £ 079 mg GAE/g and TFC equal 144.26 + 14.3 mg QE/g.
The antioxidant capacity of the extract was evaluated using
in vitro assays, showing strong activity with an ABTS ICs, of

1. Introduction

According to a literature review, Hypericum is a notable genus
within the Hypericaceae family, consisting of over 500 species!"
categorized into 36 sections (Robson, 2006).?! Hypericum per-
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0.173 mg/mL. The antiproliferative potential of the methano-
lic extract was assessed by the MTT assay on CAPAN-1, DLD-1,
and the healthy L929 cell line. The extract exhibited signifi-
cant antiproliferative effects on CAPAN-1 and DLD-1 cells, with
ICso values of 0.807 + 0.06 mg/mL and 0.953 £ 0.03 mg/mL,
respectively, whereas no cytotoxicity was observed on L929 cells.
Furthermore, SwissSADME was used to evaluate the pharmacoki-
netics and drug-likeness of the main compounds. These findings
enhance the understanding of H. perforatum and may sup-
port its prospective applications in pharmaceutical and cosmetic
industries.

foratum (H. perforatum), or St. John’s wort, has been utilized
in both traditional and contemporary medicine as a treat-
ment for hemorrhoids, diarrhea, and ulcers,>* in addition to
addressing bruises, burns, swellings, eczema, and psychologi-
cal disorders including anxiety, neuralgia, and mild to moderate
depression.’! It has also been utilized to address fibrositis, sciat-
ica, and menopausal neurosis'® Moreover, it has been employed
to promote vasodilation,”! and prior studies have established
its efficacy in addressing chronic stress, Alzheimer’s disease, and
Parkinson’s disease.!®®! The red pigments of H. perforatum, hyper-
icin and pseudohypericin, have been documented to possess
various bioactivities, including antidepressant, antioxidant, anti-
inflammatory, antiviral, antimicrobial, cytotoxic, wound-healing,
analgesic, hepatoprotective, and antibacterial effects,"" along-
side tyrosinase and cholinesterase inhibitory activities!>*! and
antiretroviral and anticancer properties.!'"!

Currently, the investigation of antioxidant capacities has
become an important topic as the adopted lifestyles are
favored to lead to improved health conditions. Consequently,
the attention toward botanical products as a source of nat-
ural antioxidants has increased. According to some studies,
natural antioxidants, including phenolic phytochemicals, might
be promising agents for cancer chemoprevention and cancer
treatment.l'®! The antitumor activity of H. perforatum has been
investigated mainly with photodynamic therapy.'”?°! A more
recent study also reported the discovery of two new com-
pounds in H. perforatum, 2,6,9-trimethyl-8-decene-3,5-dione and
3,7,10-trimethyl-9-undecane-4,6-dione.[”'’ However, the amount
of different bioactive compounds in H. perforatum may vary
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Figure 1. H. perforatum site at harvesting time.

depending on environmental and ecological factors related to
the habitat of the plant? In Algeria, the practice of herbal
medicine has always existed thanks to the biodiversity of the
flora particularly rich in these plants.!??* There are numerous
studies on H. perforatum however, to the best of our knowledge,
the present work is the first to investigate the phytochemical
profiles and biological activities of Algerian H. perforatum. High-
resolution liquid chromatography-ESI-MS-MS (UPLC-ESI-MS) and
in silico ADME assessment were applied for chemical characteri-
zation and to determine which group of biomolecules were the
most potent. In addition, the antioxidant properties were exam-
ined in vitro by applying seven assays, namely total antioxidant
activity (TAC), radical scavenging activity (DPPH), 2,2'azino-bis (3-
ethylbenzothiazoline 6-sulfonic acid) (ABTS), B-carotene bleach-
ing assay (B-carotene), ferric reducing antioxidant power (FRAP),
cupric ion reducing antioxidant capacity (CUPRAC), and oxygen
radical absorbance capacity (ORAC). Furthermore, the antitumor
potential and antiproliferative activity of the plant extract were
estimated against two human cancer cell lines CAPAN-1, DLD-1,
and a healthy cell line L929.

2. Materials and Methods
2.1. Collection of Plant Material

Samples of the flowering aerial components of H. perforatum
(Figure 1) were gathered from Chréa, Blida Province, Algeria. The
collection location was situated at an elevation of 1217 meters,
with geographic coordinates N36°27'50.3”, E002°57'07.7". Harvest-
ing occurred in mid-July 2022, coinciding with the peak flowering
phase. Voucher specimens were submitted to the Laboratory
of Biotechnology, Environment, and Health, Faculty of Natural
and Life Sciences, University of Blida 1, Algeria. The botanical
specimen was identified by Prof. Marie Stella from the Uni-
versity of Blida 1, Algeria, and a voucher specimen (00125BMS)
was preserved at the same institution. Subsequent to collect-
ing, the plant material was purified, air-dried, reduced to small
fragments, and pulverized into a fine powder (Figure 2).

2.2. Preparation of Crude Extract
Aerial parts of H. perforatum were dried for 20 days in the shade

at the room temperature (~25 °C). The aerial parts of the plant
have been crushed into small parts with a grinder to get a
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Figure 2. The collection of H. perforatum.

homogenous drug powder, and stored at 4 °C until use. Fifty
g of the dry material were subjected to Soxhlet extraction with
500 mL methanol for 3 h. After evaporation, the crude extract
was stored in dark glass bottles at 4 °C until use. Methanol
was selected as the extraction solvent because of its well-
documented efficiency in recovering a broad spectrum of sec-
ondary metabolites from H. perforatum, including phenolic acids,
flavonoids, and hypericins, thereby ensuring comprehensive ana-
Iytical profiling.>! While ethanol and aqueous ethanol are more
biocompatible, particularly for pharmaceutical applications,?®’
our choice of methanol was driven by the study’s analytical focus
and by the need for comparability with prior phytochemical
reports.

2.3. LC-ESI-MS/MS Analysis

The chemical composition of the extract was determined by
LC-ESI-MS/MS using an Agilent 1260 Infinity Il LC system, follow-
ing the method of described by Derbak et al.!?”! base on the
method of Griffith et al.!?®! with minor modifications. For sam-
ple preparation, 50 mg of the methanolic extract were mixed
with 1 mL of methanol: n-hexane (1:1, v/v), vortexed for 2 min
at 4 °C, and centrifuged at 9000 rpm for 10 min at 4 °C. The
methanolic phase was collected, diluted (1:9) with distilled water,
and filtered through a 0.45 pm polypropylene syringe filter. An
injection volume of 512 pyL was used, with the column oven
maintained at 25 °C, and a total run time of 30 min. Chromato-
graphic separation was carried out on a reversed-phase Agilent
Poroshell 120 EC-C18 column (100 x 3.0 mm, 2.7 um). Detec-
tion was performed with an Agilent 6460 Triple Quadrupole
Mass Spectrometer equipped with an electrospray ionization
(ESI) source, operating in both positive and negative ioniza-
tion modes. Compound identification and quantification were
achieved using multiple reaction monitoring (MRM). The mobile
phase consisted of eluent A (water with 5 mM ammonium for-
mate, 75%) and eluent B (acetonitrile with 0.1% formic acid, 25%),
under isocratic conditions, at a flow rate of 0.5 mL/min. loniza-
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tion parameters were set as follows: gas temperature 350 °C,
nebulizing gas flow 11 mL/min, drying gas flow 15 mL/min (nitro-
gen), and capillary voltage 4000 V.?°! The limit of detection
(LOD), limit of quantification (LOQ), and linearity range were
determined according to Yilmaz et al.>”!

2.4. Total Phenolic (TPC) and Total Flavonoid Content (TFC)

The TPC in the methanolic extract was determined using the
Folin—Ciocalteu reagent according to the protocol described by
Singleton et al.®" Gallic acid (GA) was the reference standard.
The results were expressed in gallic acid equivalents in 1 mL
of extract (mg GAE/mL). The TFC was determined by the alu-
minum trichloride (AICl;) method and expressed in quercetin
equivalents (mg QE/mL).

2.5. Biological Activities
2.5.1. Antioxidant Capacities

Total antioxidant activity (TAC): TAC of methanolic extract was
performed according to the method of Prieto et al.?? Aliquot of
0.2 mL of extract solution (1 mg/mL) was mixed with 0.1 mL dis-
tilled water, in addition to 3.0 mL reagent mixture (0.6 M sulfuric
acid, 28 mM sodium phosphate, and 4.0 mM ammonium molyb-
date). Subsequently, the reaction mixture was incubated at 95 °C
for 90 min in a water bath and after cooling the reagent mixture
at room temperature, the absorbance was measured at 695 nm
against a blank. The results were expressed as equivalents of
ascorbic acid (AAE mg/g of extract).

DPPH radical scavenging activity: The in vitro antioxidant activ-
ity was performed by using the spectrophotometry method
described by,®3! where 50 pL of the methanolic extract at dif-
ferent concentrations are mixed with 1950 uL of DPPH solution.
Then, the reaction mixtures were incubated in darkness for
30 min at room temperature. The absorbance was calculated at
517 nm. Ascorbic acid, a-tocopherol and BHT were considered as
a standard antioxidant for the comparison. The value of 1Cs, was
defined as the quantity of an antioxidant necessary to trap 50%
of free radicals.

ABTS* scavenging assay: The ABTS't scavenging was deter-
mined according to the method of Re et al!* with slight
modification. The ABTS'" is generated by mixing 38.4 mg ABTS
in 10 mL distilled water with 6.6 mg of potassium persulfate. The
mixture was then stored in the dark at room temperature for
16 h. The ABTS'* solution was diluted with methanol to obtain
an absorbance of 0.700 =+ 0.02 at 734 nm. Then, 900 uL of ABTS' ™
solution was added to 100 pL of sample solution in methanol
at various concentrations. After 6 min, the percentage inhibition
at 734 nm was calculated for each concentration against a blank
absorbance (methanol).
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B-Carotene bleaching assay: In this assay, the antioxidant
capacity was determined by measuring the inhibition of oxida-
tive degradation of B-carotene (discoloration) by the oxidation
products of linoleic acid in the extract following the process of
Kartal et al.®® First, 0.5 mg of B-carotene were dissolved in 1T mL
of chloroform added to the flask with 25 uL of linoleic acid and
200 mg of Tween 40 emulsifier. After evaporation of the chlo-
roform in the rotary evaporator at 40 °C for 10 min, 100 mL of
distilled water saturated with oxygen was added with vigorous
stirring. From this new emulsion solution 2.5 mL were transferred
into different test tubes containing 350 uL of samples prepared
at 2.5 mg/mL in methanol. Subsequent to the incubation of the
emulsion system for 48 h in the dark at room temperature, the
absorbance was read at 490 nm, using a UV spectrophotometer
at various time intervals of incubation (0, 2, 24, and 48 h). BHT
and a-tocopherol were used as antioxidant standards for activity
comparison.

Bleaching inhibition (%) = 100 (B-carotene content after 24 h
of assay/initial 8-carotene content)

Ferric reducing antioxidant power (FRAP): The assay is based on
the reduction of Fe (lll) to Fe () and was performed using 2.5
0.156 mg/mL of extract diluted in 1 mL of methanol and mixed
with 2.5 mL of phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of
1% potassium ferricyanide[KsFe (CN)s1.13*! The mixed solutions
were set in the incubator at 50 °C for 20 min. Afterward, 2.5 mL
of trichloroacetic acid (10%) were added to each mixture and
shaken vigorously. The obtained solution was mixed with 2.5 mL
of distilled water and FeCl; (0.5 mL, 0.1%), the resulted mixture
was incubated for 30 min and the absorbance was measured at
700 nm. The results were expressed in Trolox equivalents (mg
TE/mL).

Cupric ion reducing antioxidant capacity (CUPRAC): The
method of Apak et al.*”! was used for CUPRAC. Briefly, aqueous
solutions of CuCl, (1 mM), ammonium acetate buffer (1 mM at
pH 7) and alcoholic solution of neocuproine (Nc) (7.5 mM) were
mixed and the absorbance of the corresponding complexes was
read after 30 min at 450 nm against a blank reagent.

Oxygen radical absorbance capacity (ORAC): The method
reported by Prior et al!*®! was applied. At first, a phosphate
buffer saline solution (75 mmol/L; pH 7.4) and a stock solution
of fluorescein were prepared. 25 uL of the diluted methanolic
extract (MeOH for blank, or standard trolox for calibration)
were pipetted into the 96-well black opaque microplate with
transparent flat bottom and mixed with 150 pL of 14 ummol/L
fluorescein solution at 37 °C. The reaction mixture was preincu-
bated for 15 min and then 25 pL of AAPH solution (240 mM) were
added by using a multichannel pippet. Hence, the microplate
was quickly introduced in a FLUOstar Omega fluorescent reader
and automatically agitated prior each reading. The fluores-
cence was measured in total 120 cycles (every 60 s, excitation
wavelength: 485 nm, emission wavelength: 520 nm). The results
(ORAC value) were exported from the Fluostar Omega Mars
software (BMG Labtech GmbH, Offenburg, Germany) and ana-
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lyzed in an Excel sheet for extra calculations. The antioxidant
capacity as trolox equivalents was determined by calculating
the area under the fluorescence decay curve (AUC) relative to
the trolox standard calibration. The final ORAC results were
calculated in pM TE/g by using a regression equation between
the trolox concentration and the net area under the AUC. All
determinations were carried out in triplicates.

2.5.2. Determination of in Vitro Antiproliferative Activity

The antiproliferative activity of H. perforatum methanolic extract
was assessed against CAPAN-1 (pancreatic adenocarcinoma),
DLD-1 (colorectal adenocarcinoma), and L929 (mouse fibroblasts,
normal control) cell lines following the method described by
Ameur et al,B°! with slight changes. All the cell lines were
obtained from the laboratory of prof. Dr. Mustafa Turk (Kirikkale
University). Cells were seeded at 1.0 x 10* cells per well in
96-well plates (Corning, USA) and incubated for 24 h to allow
attachment. Treatments were then applied with various extract
concentrations (1.0, 0.75, 0.5, and 0.25 mg/mL) prepared in com-
plete DMEM medium (Sigma-Aldrich, USA). Vehicle control wells
contained the same final concentration of DMSO as the treated
wells, and extract-only blanks (extract + medium, no cells) were
included at each concentration. After 24 h of exposure, the
medium was replaced with 100 yL of MTT solution (1 mg/mL
in PBS; Sigma-Aldrich, USA), followed by incubation for 2-2.5 h
at 37 °C in the dark. Formazan crystals were dissolved with 100
pL of isopropanol (Merck, Germany) per well, and absorbance
was measured at 570 nm with a reference at 630 nm using
a microplate reader (Thermo Scientific Multiskan GO, USA). No
commercial kit was used; all reagents were prepared manually
from high-purity analytical grade chemicals (Sigma-Aldrich and
Merck). Cell viability (%) was calculated after blank correction
using the formula:

A
Cell viability % = A—S x 100

C

where A, and A. represent the mean absorbance of treated
and vehicle control cells, respectively. Each condition was tested
in triplicate and experiments were repeated three independent
times. ICsp and 1G5 values were determined by fitting dose-
response curves with a four-parameter logistic (4PL) nonlinear
regression model using OriginPro 2021. Results are expressed as
mean values with 95% confidence intervals.

2.6. Physicochemical and Pharmacokinetic Properties for
Computational Methods

The Swiss ADME website allows with free access to eval-
uate and predict the following physicochemical properties:
molecular size, lipophilicity, polarity, insolubility, pharmacoki-
netics, drug-likeness and medicinal chemistry friendliness of
small molecules.*! The programme at http://www.molsoft.com/
mprop/mprop.cgi detects drug-likenesses and molecular prop-
erty predictions of biological molecules. pkCSM (http://structure.
bioc.cam.ac.uk/pKcsm) is an intriguing computational tool that
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applies a novel graph-based signature approach to predict
pharmacokinetic and toxicity profiles of small molecules. By
integrating physicochemical properties, toxicophores, and phar-
macophores, pkCSM facilitates the identification of compounds
with an optimal balance between potency, pharmacokinetics,
and safety, making it a valuable resource in modern drug
discovery.[!

2.7. Expression of Data and Statistical Analysis

All experiments were performed in triplicate (n = 3), and results
are expressed as mean =+ standard deviation (SD). Statistical
differences between treatment groups were assessed using one-
way ANOVA, with the tested extracts treated as fixed factors.
When significance was detected (p < 0.05), Tukey’s multiple
range test was applied for post hoc comparisons. ICs, values
were determined by linear regression analysis in OriginPro 2021.
The SwissADME Web tool was used to evaluate the ADMET prop-
erties. These procedures were employed to ensure the accuracy,
reliability, and reproducibility of the results.

3. Results and Discussion
3.1. LC-ESI-MS-MS Results

Several studies have elucidated the importance of phenolic com-
pounds in human diet and health, consequently, their extraction
processes, chemical characterization, and evaluation of their
biological activities have captured immense attention from
researchers.!*?l Reportedly, there are three types of secretory
structures including secretory canals, translucent glands, and
black nodules, which are sites of collection and synthesis of dif-
ferent secondary metabolites.[***4! The constituents usually differ
quantitatively among plants due to genetic variation, climate,
habitat, growing conditions, harvesting time, light exposure, and
sample extraction techniques.*#¢! In the present study, the
LC-ESI-MS/MS technique was applied to better understand the
biochemical diversity of secondary metabolites, also determining
the quantitative profile.l”! The chromatogram obtained from the
analysis of the methanolic extract of H. perforatum is reported in
Figure 3.

The LC-ESI-MS/MS fingerprint obtained for the Algerian H.
perforatum population revealed a coherent chemotype that
differs quantitatively and qualitatively from many European
reports. In total, 22 compounds were identified and quantified
from H. perforatum extract in this study (Table 1). Isoquercitrin
(4162 pg/q), quercetin (874 pug/g), and hyperoside (636 ug/g) were
the major flavonoids, whereas chlorogenic acid (100 pg/g) and
rutin (21.2 pg/g) were relatively minor. These values are markedly
different to these reported for other European populations.
For example, Piatti et al.[*8! quantified hyperoside (18727 ug/q),
isoquercitrin (11895 pg/g), rutin (1530 pg/g), and chlorogenic
acid (3550 pg/g) in Polish plants, whereas Orhan et al.*!
reported chlorogenic acid (374 upg/g), hyperoside (805 pg/g),
rutin (1124 pg/g), and quercetin (39 pg/g) in Turkish popula-
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Figure 3. Chemical composition of H. perforatum methanolic extract. 1. Gallic acid; 2. protocatechuic acid; 3. epigallocatechin; 4. catechin; 5. chlorogenic
acid; 6. hydroxybenzaldeyde; 7. vanillic acid; 8. caffeic acid; 9. syringic acid; 10. caffein; 11. o-coumaric acid; 12. polydatin; 13. trans-ferulic acid; 14. hesperidin;
15. isoquercitrin; 16. rutin; 17. quercetin 3-xyloside; 18. kaempferol-3-glucoside; 19. fisetin; 20. quercetin; 21. naringenin; 22. kaempferol.

tions. Compared with these benchmarks, the Algerian popula-
tion exhibits a consistent reduction in chlorogenic acid, rutin,
and hyperoside, while maintaining comparable isoquercitrin and
quercetin levels. Such shifts in compound dominance represent
a chemotaxonomic signal. Previous Balkan surveys%"! detected
rutin and hyperoside as abundant markers, whereas in Algerian
population these compounds are present at much lower lev-
els. This imbalance supports the interpretation that the Algerian
population constitutes a low phenolic chemotype distinct from
the European type. The observed profile is likely shaped by eco-
logical pressures typical of the Mediterranean environment such
as aridity, high solar irradiation, and edaphic factors, which are
known to modulate phenolic biosynthesis.[>?!

3.2. Total Phenolic and Flavonoid Contents

Phenolic compounds are considered essential contributors to
the antioxidant capacity of plants.’3! Therefore, the TPC and
TFC of the methanolic extract were measured, and the results
are summarized in Table 2. The TPC was 17154 + 079 mg
GAE/g, whereas the TFC was 144.26 + 143 mg QE/g. In terms
of TPC, our results were consistent with those reported by Gen-
giz et al. (2020), who found a TPC value of 181.02 + 1.47 mg
GAE/g in Turkish H. perforatum extracts, and were higher than
those reported by Ezgi et al,® who measured 90.40 + 128 ug
PEs/mg extract. Marah et al.> reported TPC values ranging from
142.96 £+ 0.76 to 155.87 + 0.83 mg GAE/g in aqueous extracts.
In contrast, Makarova et al.'”*! reported higher TPC values, rang-
ing from 317.6 to 402.2 mg GAE/g for ethanol-water extracts
and from 199.6 to 298.2 mg GAE/g for ethanol extracts, with
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Makarova et al.!®! specifically reporting 371 mg GAE/g. Previ-
ous studies also reported TPC values of 142 mg GAE/g and
222 mg GAE/g for ethanol-water extracts of H. perforatum from
Romania Stef et al.l*®! and Bulgaria Katsarova et al. (2017), respec-
tively. In terms of TFC, Gengiz et al. (2020), Ersoy et al.,!”
and Ozkan et al.’®! reported TFC values of 66.73 + 022 mg
RE/g, 62.49 £+ 0.77 pg QE/mg extract, and 0.55 £+ 0.03 mg QE,
respectively, using methanol maceration-shake extraction. Other
studies reported TFC values ranging from 100.4 to 167.8 mg
CAE/g for ethanol extracts and from 138.4 to 175.3 mg CAE/g for
ethanol-water extracts, with Makarova et al.'”®*! reporting 160 mg
CAE/g. These fluctuations from one extract to another could be
related to many factors such as extraction method, processing
conditions and storage, which are crucial factors in determining
the polyphenol content.l*”!

3.3. Antioxidant Activity

In order to evaluate the antioxidant potential of phytocom-
plexes, it is essential to measure the antioxidant capacity of
their extracts using rapid in vitro assays, and it is very signifi-
cant to use more than one antioxidant assay.l®®! In this study,
seven complementary assays (DPPH’, ABTS'*, TAC, B-carotene,
FRAP, CUPRAC and L-ORAC) were performed to estimate the
in vitro antioxidant properties of the methanolic extract of H.
perforatum, the results are presented in Table 3.

Needless to say, H. perforatum has been also the topic of a
vast spectrum of antioxidant capacity studies by various in vitro
and in vivo methods.
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Table 1. Phenolic compounds identified and quantified by LC-ESI-MS/MS analysis of H. perforatum methanolic extract.
No.  Compound JRT (min)  Concentation lon transitions  lon mode PR2 ILOQ (ug/L)  9LOD (ug/L) Linearity
(ug/g) range (ug/L)
1 Gallic acid 32 1.4 169.0-125.0 Negative  0.9986 18.5862 7.1674 31.25-500
2 Protocatechuic acid 55 127.6 153.0-109.0 Negative  0.9969 13173 3.156 15.625-250
3 Epigallocatechin 6.8 119 307.0-139.0 Negative  0.9991 265.9 2375 1250-20000
4 Catechin 7.2 347.2 288.9-245.1 Negative  0.9946 7.5013 1.7055 343.750-5500
5 Chlorogenic acid 74 100.2 353.0-191.0 Negative  0.9981 25.902 11.589 31.25-500
6 Hydroxybenzaldeyde 77 1.87 121.0-92.0 Negative  0.9993 12.865 4.9742 15.625-250
7 Vanillic acid 7.8 179.6 167.0-151.8 Negative  0.9958 164.421 141.042 1250-20000
8 Caffeic acid 7.9 153 178.9-135.1 Negative  0.9994 24162 6.920 31.25-500
9 Syringic acid 8.4 54.06 197.1-181.8 Negative  0.999 165.327 138.541 1250-20000
10 Caffein 8.5 238 195.0-137.9 Positive 0.9986 15.4959 6.8099 18.75-300
mn o-Coumaric acid 9.5 15.92 163.0-119.1 Negative  0.9996 7.9973 4.016 15.625-500
12 Polydatin 9.8 0.633 390.9-228.9 Positive 0.9987 1.8411 1.1471 7.8125-125
13 Trans-ferulic acid 10.2 18.6 193.1-133.9 Negative  0.995 11.5276 6.1184 31.25-1000
14 Hesperidin 120 20.5 611.0-302.9 Positive 0.9957 17.675 4139 31.25-500
15 Isoquercitrin 120 4162 464.9-302.8 Positive 0.9982 11.268 9.938 18.75-300
16 Rutin 124 212 608.9-299.4 Positive 0.998 240.672 59.5597 125-2000
17 Quercetin 3-xyloside 124 636 464.8-02.8 Positive 0.999 69.4059 18.7126 125-2000
18 Kaempferol-3-glucoside 133 109 448.8-286.9 Positive 0.9997 4.5238 1.161 7.8125-125
19 Fisetin 133 1.34 287.0-137.0 Positive 0.9954 44366 10.896 15.625-250
20 Quercetin 15.0 874 300.7-150.9 Negative  0,9964 16.9127 4.6558 27.5-440
21 Naringenin 15.2 6.45 270.9-119.1 Negative  0.996 0.4575 1.369 31.25-500
22 Kaempferol 16.5 86.27 284.9-116.9 Negative  0.9997 5.4004 1.8683 312.5-10000
3 RT: retention time.
b R?: coefficient of determination.
9 LOQ (ug/L): limit of quantification.
9 LOD (ug/L): limit of detection.

Table 2. Determination of total phenolic content and flavonoid content in H. perforatum methanolic extract.

Sample ATPC (mg OTFC (mg YQER/mL)
IGAE/mL)
H. perforatum MeOH Ext 171.54 + 0.79 14426 + 143

@ TPC: total phenolic content.

b TFC: total flavonoids content.

9 GAE: gallic acid equivalent.

9 QER: quercetin equivalent.

MeOH Ext: methanol extract.

Values were expressed as means £+ SD (n = 3).

TAC: The total antioxidant capacity of the methanolic extract
was evaluated using the phosphomolybdenum technique, which
is based on the reduction of molybdenum (IV) to molybde-
num (V), followed by the formation of green molybdenum (V)
phosphate components with maximum absorption at 695 nm.
The total antioxidant capacity of the extract was significant with
a value of 0.311 £ 0.697 mg AAE/mg, compared to Sarikurkcu
Cengiz et al.l" who reported a value of 0.145 4 4.69 mg AAE/mg.

DPPH': In this experiment, the H. perforatum extract exhib-
ited a concentration dependent scavenging activity against
DPPHe radicals, with an ICs, value of 0.446 + 0.061 mg/mL.

ChemistrySelect 2025, 10, 03590 (6 of 17)

When compared the result to reference antioxidants, the extract
reveal lower radical scavenging activity than ascorbic acid
(0.089 + 0.003 mg/mL), a-tocopherol (0.013 + 0.002 mg/mL),
BHT (0.148 £ 0.001 mg/mL), and Trolox (0.021 + 0.01 mg/mL)
which all had significantly lower 1Csy values, indicating stronger
reducing capacities. Our findings are consistent with previous
studies where H. perforatum extracts displayed lower scaveng-
ing potential than pure antioxidant standards. For instance, Ersoy
et al””! and Kakouri et al!®? also noted that H. perforatum
methanolic extracts required higher concentrations to achieve
50% inhibition compared to synthetic antioxidants.

© 2025 The Author(s). ChemistrySelect published by Wiley-VCH GmbH
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Table 3. In vitro antioxidant activity of H. perforatum.
Samples DPPH ABTS TAC FRAP TEAC CUPRAC TEAC ORAC pB-Carotene
bleaching
ICso (mg/mL) (mg (mg TE/mg) (%)

AAE/mg)
H. perforatum 04467 £ 0.06 073" + 0.004 0311 £ 069 2067 + 0.03 0.694° £ 0.02 12* + 83.92 56.8% £ 2.06
MeOH Ext
Ascorbic acid 0.089° + 0.01 0.024° + 0.01 2.85° 4 0.04 2.010° + 0.026 43> 4+ 0m NT

0.176° + 0.08
a-Tocopherol 0.013¢ £ 0.01 0.07¢ + 0.01 NT 1.12¢ £ 0.03 1.580¢ £+ 0.021 215 + 0.09 96.18< + 1.05
BHT 0.148¢ + 0.01 0.073¢ £+ 0.01 NT NT NT NT 68.889 + 125
Trolox 0.021¢ £ 0.01 0.031° + 0.01 0.2 £+ 0.06 - - - NT
BHT: butylated hydroxytoluene; TE: trolox equivalents; AAE: ascorbic acid equivalents; MeOH Ext: methanol extract; NT: not tested. Data are mean +/—
standard error of the mean (SEM), n = 3.
Values in the same column followed by different letters (a-d) are significantly different at p < 0.05 (Tukey's test).
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Figure 4. Kinetics of B-carotene bleaching at 490 nm in the absence and
presence of methanol extract.

ABTS™: In the ABTSe+ assay, the extract exhibited an ICsy
value of 0.1773 £+ 0.004 mg/mL, indicating a moderate radi-
cal scavenging capacity. This value is significantly higher than
the 1Cs, announced by Ersoy et all””! and Kakouri et al.l®?
for H. perforatum methanolic extracts (0.009 £+ 0.19 mg/mL;
0.006 + 0.93 mg/mL, respectively), suggesting lower antioxidant
efficiency in our tested extract. The observed discrepancy may
be referred to differences in extraction solvents, geographical
origin of the plant material, and phenolic composition, as previ-
ously emphasized in interspecies comparisons of Hypericum.[6%63]
Nevertheless, our findings confirm the ability of H. perforatum
to scavenge ABTS<+, although with lower potency compared to
synthetic antioxidants such as BHT, a-tocopherol, and ascorbic
acid.

B-Carotene bleaching : According to the Figure 4, after
24 h incubation at 2 mg/mL, H. perforatum methanolic extract
achieved an inhibition of 56.8 4 2.06%, closely approaching BHT
(68.88 + 1.25%) and indicating substantial antioxidant capacity
in the lipid peroxidation model. This activity aligns with results
from a comparative study of water extracts in which H. perfo-
ratum exhibited a B-carotene bleaching value of 77.00 £ 0.32%
Sarikurkcu et al. (2020). These data collectively reinforce the
extract’s meaningful inhibition of lipid oxidation.

FRAP: The FRAP assay demonstrated that the methanolic
extract of H. perforatum revealed a strong ferric-reducing poten-
tial, reaching 2.067 £ 0.003 mg TE/mg. This value is substan-
tially higher than those reported in several recent reports. For

ChemistrySelect 2025, 10, 03590 (7 of 17)

Linkage distance

) G ¥ w5 ™~ C

Figure 5. Cluster analysis revealing the association between total phenolic
content and antioxidant capacity assays of H. perforatum. (1: TPC, 2: TAC, 3:
DPPHs, 4: ABTS, 5: 8-carotene, 6: FRAP, 7: CUPRAC, and 8: L-ORAC).

Table 4. Antiproliferative effect of H. perforatum on cancer cell lines.

Concentration Cell viability %

(mg/mL) DLD-1 CAPAN-1 L929

1 33.49° +203  4894° + 214  109.19* + 7.63
0.5 177.65° + 313 71.82° £ 315  254.97° + 6.63
025 21544 + 546 20056 + 432 41423 + 915
0.125 226524 + 514 222869 + 4.87 419549 + 8.69
Control absorbance 024 024 0.12

ICso (mg/mL) 0.96 + 0.03 0.81 + 0.06 > 10

IC7s (mg/mL) 0.85 + 1.04 071 £ 1M > 10

Data are mean +/— standard error of the mean (SEM), n = 3.
Values in the same column followed by different letters (a-d) are
significantly different at p < 0.05 (Tukey's test).

instance, Piatti et al.[*®] observed FRAP values ranging between
118 and 156 mg TE/mg depending on the flowering stage,
whereas Bforiska-Sikora et al.l®* found values between 0.95 and
1.4 mg TE/mg for various H. perforatum extracts. Similarly, Dogan

© 2025 The Author(s). ChemistrySelect published by Wiley-VCH GmbH
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Figure 6. Antiproliferative activity of methanolic extract of H. perforatum against DLD-1, CAPAN-1, and L929 cell line.
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Figure 7. Regression trendline exhibits the correlation between concentration and cell viability (%).

et al!%®l reported values around 1200-1350 mg TE/g in aerial
parts, and Kurt et al.l reported approximately 1.65 mg TE/mg
when formulating H. perforatum into a nanoemulsion hydrogel.

Cuprac: In the current study, the methanolic extract of H. per-
foratum exhibited a CUPRAC value of 0.694 + 2.37 mg TE/mg,
highlighting a strong reducing potential. Comparing to previous
studies, our value is substantially higher. Piatti et al.l*®! reported
CUPRAC values between 0.143 and 0.386 mg TE/mg depend-
ing on the flowering stage, which are clearly lower than our
result. Similarly, Sarikurkcu Cengiz et al.!’"! reported a significant
CUPRAC activity of H. perforatum, quantified as 0.268 + 532 mg
BHAEs/mg extract.

ChemistrySelect 2025, 10, 03590 (8 of 17)

ORAC: This test, based on the inhibition of the peroxyl
radical generator induced by the thermal decomposition of azo-
compounds such as AAPH. Our results show an ORAC value of
12 &+ 83.92 mg TE/mg, which is considerably higher than those
reported in previous studies. For instance, Makarova et al.l!
detected ORAC values of 9.701 pmol TE/mg in ethanol extracts
of air-dried flowers and 0.775 pmol TE/mg in ethanol extracts of
lyophilized flower samples, whereas Katsarova et al.!®”! reported
that ethanolic extracts demonstrated a value 5.95 +328.4 pmol
TE/mg. The higher ORAC value observed in our extract could be
related to the elevated levels of TPC and TFC detected.
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Figure 8. Bioavailability hexagons of the major substances identified in H. perforatum as assessed by LC-ESI-MS/MS analysis of the methanolic extract. A:
lipophilicity; B: molecular size; C: polarity; D: insolubility; E: insaturation; F: flexibility.

3.4. HCA Results

Figure 5 illustrates the various clusters and correlations among
the antioxidant capacity assays and TPC of H. perforatum.
Euclidean distance was applied as the distance scale and Ward's
method as the linkage rule. The hierarchical cluster analysis sep-
arated the antioxidant assays into two principal groups. The
first group included DPPH and ABTS, which clustered closely,
together with B-carotene bleaching, reflecting their common

ChemistrySelect 2025, 10, 03590 (10 of 17)

radical scavenging mechanism. The second group comprised
FRAP, CUPRAC, ORAC, and TPC, demonstrating a strong asso-
ciation between phenolic content and reducing power assays.
This clustering pattern indicates that the antioxidant capacity of
H. perforatum methanolic extract is substantially driven by its
phenolic constituents, which mainly act as electron donors and
therefore show strong performance in reducing power assays
(FRAP, CUPRAC, and ORAC), whereas radical scavenging assays
present a distinct clustering behavior.

© 2025 The Author(s). ChemistrySelect published by Wiley-VCH GmbH
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Figure 8. Continued
3.5. Antiproliferative Activity

The antiproliferative activity of H. perforatum extract on L929
(fibroblast cell line), CAPAN-1 (pancreatic cancer cell line), and
DLD-1 (colorectal adenocarcinoma cell line), were carried out
using the MTT assay and determined by treating cells with dif-
ferent concentrations of the H. perforatum methanolic extract
(0.125, 0.25, 0.5, and 1 mg/mL). ICso and 1G5 values were estimated
from nonlinear regression curves (4PL model), ensuring accurate
dose-response fitting. The results are tabulated in Table 4.

ChemistrySelect 2025, 10, 03590 (11 of 17)

The results of antiproliferative activity outline that treatment
of cells with higher concentrations of methanolic extract of H.
perforatum caused significant damage to the integrity of the cell
membrane, in contrast to low concentrations (Figure 6). Various
concentrations of H. perforatum methanolic extract showed an
antiproliferative effect on DLD-1 and CAPAN-1 cell lines with an
ICso value of 0.953 £ 0.03 and 0.807 & 0.06 mg/mL, respectively,
and above 1 mg/mL for the L929 cell line.

Thus, they demonstrated an 1C;s value similar to the ICso
values, which confirmed by the evaluation of a simple linear
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Figure 9. Boiled-egg model of H. perforatum identified compounds as assessed by LC-ESI-MS/MS analysis of the methanolic extract. 1. Gallic acid; 2.
protocatechuic acid; 3. epigallocatechin; 4. catechin; 5. chlorogenic acid; 6. hydroxybenzaldeyde; 7. vanillic acid; 8. caffeic acid; 9. syringic acid; 10. caffein; 11.
o-coumaric acid; 12. polydatin; 13. trans-ferulic acid; 14. hesperidin; 15. isoquercitrin; 16. rutin; 17. quercetin 3-xyloside; 18. kaempferol-3-glucoside; 19. fisetin;

20. quercetin; 21. naringenin.

regression analysis indicated a significant negative correlation
between concentration and cell viability against DLD-1, CAPAN-
1, and L929. At the concentration of 1 mg/mL, the methanolic
extract of H. perforatum was maximally effective, resulting in via-
bility of 33.49 + 2.03% and 48.94 + 2.14% for DLD-1 and CAPAN-1,
respectively. However, at the concentration of 0.5 mg/mL, we
observed an increase to 71.82 + 3.15% against CAPAN-1 cell lines;
in contrast, at the concentrations of 0.25 and 0.125 mg/mL no
antiproliferative impact was recorded. On the other hand, the
antiproliferative activity of the methanolic extract was not signif-
icant on L929 cell lines, with cellular activity values ranging from
109.19 £ 7.63% to 419.54 + 8.69%. In fact, values above 100% indi-
cate that cells exposed to certain concentrations of the extract
displayed higher metabolic activity (MTT reduction) compared to
the vehicle control, a phenomenon occasionally observed with
plant-derived compounds that can transiently stimulate cell pro-
liferation or mitochondrial activity.[®®! From these results, the
antiproliferative potential of the methanolic extract of H. perfo-
ratum emerged. This activity may be related to the presence of
phenolic compounds and especially flavonoids, which are known
as potent antioxidants and antiproliferations.[®7%! Previous stud-
ies have demonstrated that H. perforatum extracts significantly
inhibit the proliferation of A549 and Hela cells at a concentra-
tion of 250 pg/mL (Glzey et al., 201).7" More recently, Yildirim
et al.’? approved that hyperforin-rich H. perforatum extracts
induced apoptosis and reduced viability in breast cancer cell
lines, highlighting the effect of phloroglucinols as active cyto-
toxic constituents. Similarly, Rajnakova et al.”®! revealed that
methanolic extracts of H. perforatum suppressed the growth of
human colon cancer cells via ROS-mediated mechanisms, sug-
gesting that the antiproliferative effect is closely related to oxida-
tive stress induction and phenolic enrichment of the extract.
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These findings support our results and reinforce the anticancer
potential of H. perforatum methanolic extract (Figure 7).

3.6. Drug-Likeness Properties

SwissADME is a widely used tool in early-stage drug discovery to
evaluate the physicochemical and pharmacokinetic properties of
bioactive compounds.*! In our study, the database summarized
in Table 5 highlights the bioavailability and pharmacokinetic
profiles of the identified compounds in the methanolic extract
of H. perforatum. The molecular weights of the compounds
ranged between 154.12 and 448.38, regarding the number of
heavy atoms were varied between 11 and 32. However, the topo-
logical polar surface area values were mostly above 70 A2, except
for hydroxybenzaldehyde, vanillic acid, caffeine, and o-coumaric
acid, indicating moderate membrane permeability. Moreover, all
tested compounds had consensus log P values < 5, indicating
favorable lipophilicity and confirming their potential as orally
active drugs. High gastrointestinal (Gl) absorption was predicted
for most compounds, which is consistent with the parameters
defined by Veber et al.’¥ regarding the role of molecular flex-
ibility and polar surface area in oral absorption. Only three
compounds hydroxybenzaldehyde, o-coumaric acid, and trans-
ferulic acid were predicted to cross the blood brain barrier
(BBB), which is in line with the role of topological polar sur-
face area in central nervous system penetration.”! In terms of
drug-likeness, 15 out of 17 compounds satisfied Lipinski’s rule of
five, and the bioavailability scores ranged from 0.11 to 0.85, sug-
gesting acceptable oral bioavailability. Most compounds exhib-
ited high Gl absorption, whereas only hydroxybenzaldehyde,
o-coumaric acid, and trans-ferulic acid were predicted to cross
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No. Smiles

Molecular properties

Table 6. SMILES, Lipinski's rule of five, and drug-likeness of some compounds predicted using molsoft programme.

Drug-likeness

1 Gallic acid C1 = C(C = C(C(=C10)0)0)C(=0)0

2 Catechin CI1C(C(OC2 = CC(=CC(=C21)0)0)
@ = CC(=C(C = C3)0)0)0

3 Vanillic acid COC1 = C(C = CC(=C1)C(=0)0)0

4 Caffeic acid
C1 = CC(=C(C = C1IC = CC(=0)0)0)0

Molecular formula: C7 H6 O5
Number of HBA: 5

Number of HBD: 4

MolLogP: 0.78

MolLogS: —1.10 (in
Log(moles/L)) 13,467.71 (in mg/L)
MolPSA: 77.22 A?

MolVol: 142.94 A3

Number of stereo centers: 0
BBB Score: 2.52

Molecular formula: C15 H14 06
Number of HBA: 6

Number of HBD: 5
MolLogP: 0.53

MolLogS: —1.45 (in
Log(moles/L)) 10,390.50 (in
mg/L)

MolPSA: 90.45 A2

MolVol: 26113 A3

Number of stereo centers: 2
BBB Score: 2.73

Molecular formula: C8 H8 04
Number of HBA: 4

Number of HBD: 2

MolLogP: 1.20

MolLogS: —1.94 (in
Log(moles/L)) 1920.65 (in mg/L)
MolPSA: 52.83 A2

MolVol: 152.27 A3

Number of stereo centers: 0
BBB Score: 2.86

Molecular formula: C9 H8 04
Number of HBA: 4

Number of HBD: 3

MolLogP: 1.27

MolLogS: —1.71 (in Log(moles/L))
3541.88 (in mg/L)

MolPSA: 61.72 A2

MolVol: 174.88 A3

Number of stereo centers: 0
BBB Score: 2.80

Drug-likeness model score: —0.22

Drug-likeness model score: 0.64

— Drugs
— Non-drugs
— Your compound

r T T
-6.00 -4.00 -2.00 0.00] 2.00 4.00 6.00

Drug-likeness model score: —0.18

— Drugs
—— Non-drugs
— Your compound

r T T T
-6.00 -4.00 -2.00 !!.00 2.00 4.00 6.00

Drug-likeness model score: —0.35

— Drugs
—— Non-drugs

— Your compound

T T T T T
-6.00 -4.00 -2.00 0.00 2.00 4.00 6.00

the BBB. Overall, this database indicate that the majority of the

compounds are flexible, moderately polar, soluble, perm

eable,

3.7. Chemical Structure and Bioavailability Radar

and small in size, supporting their potential oral bioavailability
(Table 5).

The bioavailability radar includes the two-dimensional (2D)
image from the JChem webserver and the canonical SMILES
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Table 6. (Continued)

No. Smiles Molecular properties Drug-likeness

Molecular formula: C8 H10 N4
02

Number of HBA: 3

Number of HBD: 0
MolLogP: —0.08

MolLogS: —0.75 (in
Log(moles/L)) 34,640.54 (in
mg/L)

MolPSA: 43.79 A2

MolVol: 205.73 A?

Number of stereo centers: 0
BBB Score: 4.05

5 Caffein CN1C = NC2 = C1C(=0)N(C(=0)N2C)C Drug-likeness model score: 0.77

— Drugs
—— Non-drugs
— Your compound

T T T
-6.00 -4.00 -2.00 0.00

calculated from PubChem that present each molecule per
row. The radar defines six important physicochemical prop-
erties: lipophilicity, size, polarity, solubility, flexibility and
unsaturation. A range of optimal values is illustrated as
a pink area and is suitable to be considered drug-like
(Figure 8).

3.8. Boiled-Egg Model

In SwissADME, the hard-boiled egg is a graphical tool applied
to predict the gastrointestinal absorption and brain access of
small chemical entities (Figure 9). The white region showing the
physicochemical space for a gastrointestinal absorption (highly
probable), shows that the following molecules (no. 1, 2, 3, 4,7, 8,
9,10, 12,19, 20, and 21), are predicted to have a high Gl absorption
when taken orally. On the other side, the yellow region (yolk),
representing the physicochemical space for a highly probable
BBB permeation, refers to molecules that have the ability to pen-
etrate the BBB; this is what has been demonstrated for molecules
no. 6, 11, and 13, which therefore can have a significant effect on
the central nervous system. Thus, from the graph we get a global
analysis of passive absorption (in/out of the egg white) and pas-
sive access to the brain (in/out of the yolk). The hard-boiled egg
is color-coded: blue dots for P-gp substrates (PGP+) and red dots
for non-P-gp substrates (PGP—); molecules falling outside the
egg are considered less absorbent and less penetrating the BBB
(no. 5,17, and 18).

After taking the physicochemical and pharmacokinetic anal-
yses, pKCSM was used by introducing the SMILES code of each
molecule (Table 6). The results of this in silico analysis were pre-
sented in Table 6. In fact, pKCSM database provides valuable
insights into the safety and toxicity profiles and the toler-
ated dose for humans and other properties of the identified
compounds./’®! Compounds like Pyrocatechol and Theobromine
should be handled with caution due to their toxicity and muta-
genic potential, respectively. On the other hand, compounds
like Caffeic Acid and Ferulic Acid appear to be safer for human
use based on their higher tolerated doses and lower toxicity
profiles.

ChemistrySelect 2025, 10, 03590 (14 of 17)

3.9. In Silico Toxicological Predictions of Selected Phenolic
Compounds

The in silico toxicity predictions indicated that all examined
compounds were non-mutagenic according to the AMES test,
suggesting the absence of genotoxic risk. Maximum tolerated
dose values diversified between compounds, with syringic acid,
caffeic acid, and o-coumaric acid exhibiting the highest tol-
erance, whereas naringenin and chlorogenic acid presented
lower tolerance values (Table 7). Acute oral toxicity (rat LDsp)
predictions demonstrated that most compounds fell within
a relatively safe range (22-2.5 mol/kg), with caffeine exhibit-
ing the highest LDsy, and naringenin appearing as the most
acutely toxic compound. Concerning hepatotoxicity, caffeine
was the only compound predicted to exert adverse effects on
the liver, whereas all other metabolites displayed no hepa-
totoxic potential. None of the compounds were predicted to
act as skin sensitizers, highlighting a favorable dermatolog-
ical safety profile. Overall, these results emphasize that the
majority of the investigated secondary metabolites from H.
perforatum and are predicted to be safe. However, excepting caf-
feine, which requires careful consideration due to its hepatotoxic
potential.

4, Conclusion

The aerial parts of H. perforatum were found to be a potent
source of bioactive substances with antioxidant and antiprolif-
erative properties. The online servers “SwissADME" provided us
with a rapid approach for the identification of active compounds
whereas the web tool “pkCSM” allowed us to determine the
toxicity of the identified molecules, which is a critical parame-
ter in drug design. The results obtained in this study provide
a scientific basis for improving the use of natural matrices
widely used in traditional medicine. In conclusion, H. perfora-
tum was found to possess promising therapeutic properties and
could be a good candidate as an effective adaptogenic herbal
remedy.
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Table 7. Predicted toxicity profiles of identified compounds in the methanolic extract of H. perforatum using pkCSM.
No. Compound AMES toxicity Max. tolerated dose (human) Oral rat acute Hepatotox Skin sens.
(log mg/kg/day) toxicity (LDso)
(mol/kg)
1 Gallic acid No 0.7 2218 No No
2 Protocatechuic acid No 0.814 2423 No No
3 Epigallocatechin No 0.506 2.492 No No
4 Catechin No 0.438 2428 No No
5 Chlorogenic acid No —0.134 1.973 No No
6 Hydroxybenzaldeyde No 1135 1.893 No No
7 Vanillic acid No 0.719 2454 No No
8 Caffeic acid No 1.145 2.383 No No
9 Syringic acid No 1.374 2157 No No
10 Caffein No 0.001 2.802 Yes No
n o-Coumaric acid No 1132 2192 No No
12 Polydatin No 0.569 2.516 No No
13 Trans-ferulic acid No 1.082 2.282 No No
14 Hesperidin No 0.525 2.506 No No
15 Isoquercitrin No 0.569 2.541 No No
16 Rutin No 0.452 2491 No No
17 Quercetin 3-xyloside No 0.576 2.543 No No
18 Kaempferol-3- No 0.582 2.546 No No
glucoside
19 Fisetin No 0.579 2465 No No
20 Quercetin No 0.499 2471 No No
21 Naringenin No —0.1776 1.791 No No
22 Kaempferol No 0.531 2.449 No No
AMES: mutagenicity; hepatotox: hepatotoxicity; skin sens: skin sensitization.
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