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ABSTRACT

Background and Aims: The importance of Hypericum species that are used traditionally against many diseases is increasing
day by day.

Methods: In this study, the essential oil contents of Hypericum triquetrifolium, H. empetrifolium subsp. empetrifolium, and
H. pruinatum species were determined with GC-MS/FID. This is the first study on the antioxidant, anticholinesterase, anti-
urease, antityrosinase, antielastase, and anticollagenase activities of these species. Also, in silico and in vitro enzyme in-
hibitory activities of the major compounds in the essential oil samples of the species have been evaluated. In addition, the
cytotoxic effects of the essential oils were determined by the MTT method.

Results: According to GC-MS/FID results, the major compounds were determined as caryophyllene oxide (16.76%) for H.
triquetrifolium, a-pinene (21.67%) for H. empetrifolium subsp. empetrifolium, and germacrene D (22.47%) for H. pruinatum.
Especially, H. pruinatum sample showed a high cytotoxic effect (ICsq: 34.78+0.22 and 29.06+0.40 pg/mL, respectively) on HT-
29 and MCF-7 celllines. It was determined that the same sample showed a promising inhibitory activity on acetyl (18.33+2.79,
36.48+2.40,and 56.97+0.94, respectively) and butyryl (71.63+2.78, 73.88+1.16, and 56.97+0.97, respectively) cholinesterase
enzymes.

Conclusion: Results of the in-vitro activity studies indicated that H. pruinatum essential oil could be used in the pharmaceuti-
calindustry.
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INTRODUCTION

Hypericum L. genus, belonging to the Hypericaceae family; has
about 500 species known in the world and 97 species in Turkey
(Babacan, Aytac, & Pinar, 2017). They are called “sar kantaron,
binbirdelik otu, koyunkiran, and kilic otu”in Anatolia (Baytop,
1984). Extracts obtained from Hypericum species are tradition-
ally used against depression, stomach ailments (gastritis, ulcer),
loss of appetite, jaundice, athlete’s foot, gingivitis (gargling),
sinusitis, intestinal inflammation, hemorrhoids, and fever, and
as an inflammation dryer in external wounds (by making an
ointment), expectorant, and blood production enhancer in
folk medicine (Volz, 1997; Karatoprak et al,, 2019). There are
many studies in the literature on the essential oil contents
of Hypericum species (Bertoli, Menichini, Mazzetti, Spinelli, &
Morelli, 2003; Cirak & Bertoli, 2013; Sajjadi, S. E., Mehregan, I, &
Taheri, 2015; Akdeniz et al,, 2020; Grafakou et al., 2020; Silva, Tao-
fig, Ferreira, & Barros, 2021) Hydrocarbons such as 2-methyloc-
tane, nonane, and undecane, monoterpenes such as a-pinene,
limonene, B-myrcene, and cis-B-ocimene, and sesquiterpenes
such as caryophyllene and caryophyllene oxide are present in
essential oils of Hypericum species (Akdeniz et al., 2020). While
there are many studies in the literature on the in vitro activities
of various extracts of species belonging to the genus Hyperi-
cum, in particular, there are few studies on the in vitro activities
of essential oils (Akdeniz et al., 2020; Tahir et al., 2019).

The essential oil contents of Hypericum triquetrifolium Turra.,
H. empetrifolium subsp. empetrifolium Willd., and H. pruinatum
Boiss. & Balansa obtained by hydrodistillation were deter-
mined by GC-MS/FID. Antioxidant (DPPH, ABTS, and CUPRAQC),
acetyl- and butyryl-cholinesterase inhibitory, antiurease, anti-
tyrosinase, antielastase, and anticollagenase activities of these
essential oils, which had not been studied before, were inves-
tigated. Also, the toxic effects of these essential oils on healthy
cell line (PDF) and their cytotoxic effects on cancerous HT-29
(colon cancer) and MCF-7 (breast cancer) cell lines were deter-
mined by the MTT method. Both in silico and in vitro enzyme
studies of the major compounds, which were detected at high
percentages according to the GC-MS results, were carried out
to reveal the content-activity relationship.

MATERIAL AND METHODS

Plant material

H. triquetrifolium (S1) was collected by Dr. Abdulselam Ertas
from Diyarbakir in July 2014 and identified by Dr. Yeter Yesil
(Istanbul University). H. empetrifolium subsp. empetrifolium (S2)
was collected from Mugla and H. pruinatum (S3) from Trabzon
and they were identified by Dr. Yeter Yesil in July 2015.The her-
barium numbers of the samples are ISTE 98926, ISTE 113613,
and ISTE 110750, respectively.

Studies of GC-MS analysis

Essential oils of studied samples (shadow dried 100g aerial
parts) obtained by a hydrodistilation method using Clevenger
apparatus, and the yields of essential oils (H. triquetrifolium (S1):
0.65%, H. empetrifolium subsp. empetrifolium (52):0.21% and H.
pruinatum (S3): 0.45%) were calculated. 20 L of pure essential
oil samples were taken and diluted with hexane to a total vol-

ume of 1000 plL. The GC-MS conditions are the same as those
given in the relevant references and are detailed below.

Analysis of GC-MS/FID was carried out using Agilent Tecnolo-
cies 7890A GC-FID and 5977B MS detectors, respectively. HP-
5MS Ul capillary column (30 m-0.25 mm i.d. and 0.25 pum film
thickness) was used. The injector temperature was adjusted to
250 °C. Split flow and split ratio were 25 mL/min and 25:1, re-
spectively. The injection volume was 1.0 pL. Mass spectra were
detected at 70 eV, and mass range was m/z 40-500 amu. GC
oven temperature started at 50°C and was held at this tem-
perature for 4 mins and then increased to 240°C by a rate of
3°C per minute and held at final temperature for 5 mins. The
MSD and FID detectors temperature were 230°C and 300°C,
respectively. Helium gas as carrier has a flow rate of T mL/min.
The compounds were identified by comparing their retention
times and mass spectra with those obtained from authentic
samples and/or the NIST and Wiley spectra as well as data from
the published literature (Akdeniz et al., 2020; Bakir et al., 2020).

Antioxidant and cytotoxic activities

ABTS cation radical (Re et al, 1999), CUPRAC (Copper (Il) ion
reducing antioxidant capacity) (Apak, Guclu, Ozyurek, & Kara-
demir, 2004), and DPPH free radical scavenging (Blois, 1958)
methods were used to determine the antioxidant activities of
the samples. Additionally, on the healthy cell lines (PDF) and
on the cancerous MCF-7 and HT-29 cell lines were used by the
MTT method to determine the cytotoxic and toxic effects of
the samples (Mojarraba, Langzian, Emamic, Asilic, & Tayarani-
Najaranb, (2013).1Cs, values were calculated using the different
concentrations (250, 100, 50, 25, 10 and 1 ug/mL concentra-
tions) of the samples (Ertas Yener, 2020).

Enzyme inhibitory activities

A spectrophotometric method based on acetyl- (AChE: from
electric eel, Type-VI-S, Sigma) and butyryl-cholinesterase
(BChE: from horse serum, Sigma), urease (from Canavalia en-
siformis, Type lll, Sigma), tyrosinase (from mushroom, Sigma),
elastase (from Porcine pancreas, Type |, Sigma) and collagenase
(from Clostridium histolyticum, Type |, Sigma) inhibitory activi-
ties developed by Ellman, Courtney, Andres, & Featherstone
(1961), Hina et al. (2015), Hearing & Jimenez (1978), Kraunsoe,
Claridge, & Lowe (1996) and Thring, Hili, & Naughton (2009)
with slight modifications, respectively were used to determine
the enzyme inhibitory activities. Ethanol (99.9%, Merck) was
used to prepare the stock solutions and to dilute the solutions
in all enzyme experiments (Ertas et al,, 2021; Yener et al,, 2018).

Molecular docking

The compatibility of a-pinene, caryophyllene oxide and ger-
macrene D, which were determined as the major compounds
in the essential oils, to the active site of cholinesterase, tyrosi-
nase, elastase, and collagenase enzymes were determined us-
ing the Dock 6.5 program. The coordinates of the protein men-
tioned above were taken from the Protein Data Bank (4cex.
pdb for urease, 5i38.pdb for tyrosinase, 4bbz.pdb for BuChk,
2x8b.pdb for AChE). Crystallographic water molecules were
removed from all structures. In 4cex.pdb, 5i38.pdb, 4bbz.pdb,
2x8b.pdb, the missing coordinates were modelled using XLEAP
and ff99SB force fields. (Kohno, Hochigai, Yamashita, Tsukihara,



Akdeniz, Yener, Kocakaya, Yolcu, Yigitkan, Aydin, Turkmenoglu and Ertas. Essential oil content, in-vitro and in-silico activities...

& Kanaoka, 2006; Lang et al,, 2007; Carletti et al., 2010; Carletti,
Colletier, Schopfer, Santoni, & Masson, 2013; Deri et al., 2016;
Nakanishi, Kinoshita, Sato, & Tada, 2020). Molecular modeling
study was not performed for urease enzyme because the anti-
urease activities of the samples were found to be insignificant.
The details related to the current in silico studies were given in
previous studies (Yener et al,, 2020).

RESULTS AND DISCUSSION

Essential oil content and in vitro activities

The essential oils of the shade-dried samples of H. triquetri-
folium (S1), H. empetrifolium subsp. empetrifolium (S2), and H.
pruinatum (S3) species were determined by hydrodistillation
with GC-MS and GC-FID (Table 1 and Figure 1). The contents
of the essential oils of three samples were 90.50, 95.55, and
91.68%, respectively, and 61 compounds were determined in
total (Table 1). Essential oils of the samples have been found
to contain monoterpene hydrocarbons (18.50, 32.10, and
3.12%, respectively), oxygenated monoterpenes (2.45, 1.31,
and 0.25%, respectively) sesquiterpene hydrocarbons (28.7,
17.95, and 66.62%), oxygenated sesquiterpenes (26.82, 10.54,
and 16.08%) and other hydrocarbons (14.03, 33.65, and 5.61%)
(Table 1 and Figure 1). It was determined that H. triquetrifolium
and H. pruinatum are rich in sesquiterpenes and H. empetrifo-
lium subsp. empetrifolium is rich in other hydrocarbons. The
major components are determined as caryophyllene oxide
(16.76%), a-pinene (9.92%), and 2-methyloctane (6.58%), for S1,
a-pinene (21.67%), humulene (15.00%), and 2-methyloctane
(12.10%) for S2, germacrene D (22.47%), a-cadinol (12.73%),
and &-cadinene (9.59%) for S3.

Inthe previous studies, germacrene-D (21.7%), B-caryophyllene
(18.3%), and 6-cadinene (6.4%) (Sajjadi et al,, 2015), myrcene
(16%), a-pinene (13%), sabinene (13%), germacrene-D (10%),
B-pinene (8%), and caryophyllene oxide (5%) (Bertoli, Menich-
ini, Mazzetti, Spinelli, & Morelli, 2003) were determined as the
main components of the H. triquetrifolium essential oil.

In the presented study, major components (caryophyllene
oxide: 16.76%, oxygenated sesquiterpenes; a-pinene: 9.92%,
monoterpene hydrocarbons; 2-methyloctane: 6.58%, oth-
ers; [-caryophyllene: 5.39%, sesquiterpene hydrocarbons;
germacrene-D:  4.80%, sesquiterpene hydrocarbons and
6-cadinene: 3.67%, sesquiterpene hydrocarbons) of H. triquetri-
folium essential oil were determined in parallel with the litera-
ture (Sajjadi et al,, 2015; Al-Snafi 2018). In the literature, the ma-
jor constituents of the essential oil of H. empetrifolium subsp.
empetrifolium were determined as a-pinene (19.0%), B-pinene
(8.7%), and germacrene D (12.5%) (Grafakou et al,, 2020), and
B-selinene (15%), caryophyllene oxide (9%), B-caryophyllene
(8%), and y-muurolene (7%) were determined from H. prui-
natum essential oil (Cirak & Bertoli, 2013). In another study on
essential oil of H. empetrifolium subsp. empetrifolium, a-pinene
(35.60%) and y-gurjunene (10.50%) were determined as the
major components (Petrakis et al., 2005).

The antioxidant activity results of the essential oils of the sam-
ples are given in Table 2. In general, the DPPH free radical scav-
enging activity of all samples was determined to be low (Table

2). ABTS radical scavenging activities of the S1 and S3 were sig-
nificant (ICs: 36.65+0.78 and 77.58+1.15 pug/mL, respectively),
and the S2 sample was low (ICsy: 858.77+1.45 pg/mL). In the
CUPRAC method, the results of three samples were found to
be close to each other with moderate antioxidant activity. The
toxic effects of the samples on the healthy cell-lines (PDF)
and the cytotoxic effects on the cancerous MCF-7 and HT-29
cell-lines were determined by the MTT method (Table 2). All
samples appear to have toxic effects on the healthy cell-lines
(PDF) at high concentrations. In particular, it was determined
that the toxic effect of the S3 sample was lower than the oth-
ers (ICsy: 76.09£0.34 pg/mL) on PDF cell-lines and highly cyto-
toxic (ICsy: 34.78+0.22 and 29.06+0.40 pg/mL, respectively) on
HT-29 and MCF-7 cell-lines. It was determined that the BChE
inhibitory activity of all samples was promising (inhibition%:
71.6342.78,73.88+1.16 and 82.08+1.99, respectively), but only
the S3 sample had moderate AChE inhibitory activity (inhibi-
tion%: 56.97+0.94). Urease, tyrosinase, elastase and collage-
nase enzyme inhibitory activities potentials of all samples were
determined to be low (Table 2).

In silico and in vitro studies of the major components
When the in vitro enzyme activity of a-pinene, caryophyllene
oxide and germacrene D at 100 ug/mL concentration were ex-
amined, it was determined that they showed low-moderate ac-
tivity. a-Pinene, caryophyllene oxide and germacrene D, which
are the main components of the samples, showed moderate
AChE (inhibition%: 47.89+0.91, 52.34+041 and 49.58+0.21,
respectively), BChE (inhibition%: 11.43+0.06, 34.39+0.17 and
43.7240.26), elastase (inhibition%: 1631+0.11, 28.30+0.27
and 35.80+042) and collagenase (inhibition%: 12.86+0.10,
18.03+£0.20 and 32.93+£0.52) enzyme inhibitory activities. In
the AChE and BChE methods, galanthamine were used (inhibi-
tion%: 91.45+0.84 and 78.92+0.65) as a standard reference. The
thiourea (inhibition%: 96.75+0.42), kojic acid (93.47+0.48), ole-
anolic acid (43.25+0.68), epicatechin gallate (84.52+1.98) were
used in urease, tyrosinase, elastase and collagenase enzyme
activities as standard references, respectively.

According to the results of in silico studies, enzyme-inhibitor
interactions were assessed with help of docking calculations
where binding free energy was recorded at each possible po-
sition. The molecular docking result of AChE complexation
energy was observed in range from -16.86 kcal/mol to -21.69
kcal/mol, the result of BChE complexation energy was ob-
served in range from -24.18 kcal/mol to -32.36 kcal/mol, the re-
sult of tyrosinase complexation energy was observed in range
from -20.75 kcal/mol to -25.34 kcal/mol, the result of elastase
complexation energy was observed in range from -17.07 kcal/
mol to -28.93 kcal/mol, the result of collagenase complexation
energy was observed in range from -22.35 kcal/mol to -28.87
kcal/mol, respectively (Table 3). Since the major components
have similar chemical structures, it was determined that they
showed activity with similar interactions in all the enzymes
studied, with Van der Waals and pi alkyl interactions being
dominant (Figure 2).

AChE and BChE enzymes bind to ligands in their active sites
with the help of similar amino acid residues, especially Trp, Hie,
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Figure 1. TIC chromatograms of essential oil of studied Hypericum species by GC-MS.
S1:H. triquetrifolium collected in Diyarbakir, S2: H. empetrifolium subsp. empetrifolium collected in Mugla, S3: H. pruinatum collected in Trabzon

Phe, Tyr. Itis predicted that - and alkyl-m interactions between
ligands and aromatic rings in the catalytic region and van der
Waals interactions between alkyl groups play an important role.
[tis thought that the presence of donor oxygen and nitrogen at-
oms of the galantamine molecule, which is used as a reference,
differs from the natural components, making a difference in its
effectiveness. The 1 bonds of the germacren D molecule are
thought to play an important role in its effectiveness.

Interactions with Phe, Asn, Val and Ser amino acids are ob-
served in the active binding site of the tyrosinase enzyme. In
addition to the -OH groups Vdw and mi-m interactions of the ref-
erence kojic acid molecule, hydrogen bonds with Met amino
acid residues in the active region in particular. It is remarkable
that natural components with relatively high activity have a
strong effect on the enzyme with non-covalent interactions.

Electrostatic interactions and hydrogen bonds with ligands
of Ser, Asn, Gly, His and Cys amino acids in the active site of
the elastase enzyme appear to play a role in the activity. The
reference compound olenaoic acid has a high affinity with its
carboxylic acid functional group, which differs from natural
components. It has been determined that it shows activity by
forming a large number of hydrogen bonds, especially to Ser
and Hie active amino acids.

Collagenase enzyme shows chemical activity with Gly, Leu, Ala,
Glu, Tyr and Pro amino acid residues in its active site with natu-
ral components and reference molecule. H-bond interactions
between the ligands and the enzyme were generally observed
with Leu, Ala, Glu, His. The epicatechin gallate used as a refer-
ence in the study has a large number of -OH groups and oxy-

gen atoms, unlike the natural components that show activity.
[tis clearly seen in the results that both the non-covalent inter-
actions of the methyl groups in the a-pinene molecule and the
effect of the mm electrons in the germacren and caryoxyphlene
oxide compounds are not that strong.

The in vitro test results of the compounds identified as major
ones in the essential oils of the species show parallelism with
the in silico results. In particular, it is observed that the BChE ac-
tivity of all studied samples is high, but the major compounds
are moderately active. However, it is seen that the BChE activity
of the essential oil samples, in which these major compounds
are mixed in certain proportions, is quite high. It can be suggest-
ed that the high BChE enzyme activity of essential oils is due
to the synergistic effect of the components. It was determined
that the major component germacrene D in the S3 sample was
moderately effective in elastase and collagenase (Inhibition%:
35.80+0.42 and 32.93+0.52, respectively) enzyme inhibitory ac-
tivities, while the relevant sample showed low activity. Therefore,
the major component of the S3 sample might have an antago-
nist effect against these enzymes with other components.

CONCLUSION

In the last decade, more than three thousand studies have
been published on this genus, mainly H. perforatum L. (Silva,
Taofiq, Ferreira, & Barros, 2021). In particular, many in vivo and in
vitro activities related to the cosmetic field of different extracts
(methanol, ethanol and water etc.,) of the genus were inves-
tigated (Silva, Taofig, Ferreira, & Barros, 2021). However, there
are few studies on the in vitro activities of the essential oil of
Hypericum species. The aerial parts of H. triquetrifolium (S1), H.
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Figure 2. Ribbon representation of the active site pocket enzymes with the bound ligands. The wide opening of the binding site pocket allows

the compounds to adopt flexible conformation in this area.

empetrifolium subsp. empetrifolium (S2) and H. pruinatum (S3)
samples collected in this framework were dried in the shade,
and the content of their essential oils obtained by hydrodistila-
tion method was indicated by GC-MS/FID. At the same time,
cytotoxic, antioxidant, cholinesterase, urease, tyrosinase, elas-
tase and collagenase enzyme inhibitory activities of essential

oils were evaluated. It was determined that H. triquetrifolium
and H. pruinatum species are rich in sesquiterpene, and H. em-
petrifolium subsp. empetrifolium species are rich in other hy-
drocarbons. The major components are determined as caryo-
phyllene oxide (16.76%) for S1, a-pinene (21.67%) for S2, and
germacrene D (22.47%) for S3. This is the first study on the in
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Table 3. Calculated thermodynamic parameters for complexation of ligands by docking method.

BChE Tyrosinase Elastase Collagenase

AChE

Compounds

DockS
-22.35

Vdw

-22.16

DockS
-17.07
-22.40

-28.93

Vdw

-16.95
-22.33

DockS
-21.88

-20.75

Vdw

DockS
-24.18

es
-0.18
-0.05
-0.08
-7.14

Vdw

-23.99

DockS
-16.86
-21.69
-17.40

-78.21

Vdw

-0.18
-0.46
-0.14

-0.12
-0.07
-0.13

-0.03
-0.46
-0.12

-21.85
-20.29

-0.09

-0.65

-0.16
-11.68

-16.77

20.96
-17.23
-66.53

a- pinene

-25.82

-25.36

-31.63
-32.36

-31.63
-32.28

Caryophylene oxide

-28.80 -28.73 -28.87

-25.34

-25.21

Germacrene D

-71.19

-63.05

Galantamine

-80.16

-10.97

-69.19

Kojic acid

-0.86 -32.25

-31.39

Oleanolic acid

-61.11

-53.90

-7.20

Epicatechin gallate

vitro activities of essential oils of H. empetrifolium subsp. empet-
rifolium, H. pruinatum, and H. triquetrifolium.

It has been determined that the essential oil of H. pruinatum
has a high cytotoxic effect on HT-29 and MCF-7 and a high
inhibitory effect on both AChE and BChE enzymes. The essen-
tial oil of H. pruinatum might be used in the pharmaceutical
industry in treatment of diseases such as memory loss, colon
cancer, and breast cancer.
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