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AB ST R A C T 1

Objectives: The present study aimed to investigate the phytochemical constituents of Cachrys cristata roots, to evaluate the cholinesterase-
inhibitoryactivity of the isolated compounds, andto assesstheir possible binding interactions with acetylcholinesterase and butyrylcholinesterase
through molecular docking studies.

Materials and Methods: The roots were extracted with dichloromethane by Soxhlet extraction, and a coumarin-rich fraction was obtained
by precipitation from the crude extract. Chromatographic purification of this fraction using Sephadex LH-20, reversed-phase C, column
chromatography, and preparative thin-layer chromatography afforded ten known furanocoumarins: oxypeucedanin hydrate, oxypeucedanin,
bergapten, xanthotoxin, 3'-hydroxyprantschimgin, oxypeucedanin ethanolate (oxypeucedanin hydrate-3"-ethyl ether), pabularinone, marmesin,
pabulenol and saxalin. The structures of the isolated compounds were identified by (1)H NMR spectroscopy and comparison with literature
data. Selected isolated compounds were evaluated for inhibitory activity against acetylcholinesterase and butyrylcholinesterase, and the
results were further assessed by molecular docking.

Results: The tested furanocoumarins showed weak cholinesterase inhibitory activity. Bergapten was the most active compound against
acetylcholinesterase, with an IC,  value of 9215 uM. For butyrylcholinesterase, bergapten, and pabulenol exhibited measurable inhibition, with
IC,, values of 150.25 uM and 157.28 uM, respectively.

Conclusion: This study contributes to the phytochemical characterization of Cachrys cristata roots and provides the first phytochemical
evidence for the occurrence of furanocoumarin-type constituents in the roots of this species. The isolated compounds exhibited weak
cholinesterase inhibitory activity, suggesting that the furanocoumarin scaffold may serve as a preliminary framework for further structural
optimization rather than as a source of potent cholinesterase inhibitors.
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INTRODUCTION Species in this family are rich in secondary metabolites,
The family Apiaceae (Umbelliferae) comprises 456 accepted ~ such as coumarins, terpenoids, flavonoids, steroids, and
genera and approximately 3,800 species and includes medicinal ~ Polyacetylenes. Owing to their diverse secondary metabolite
and aromatic plants widely used in traditional medicine.? profiles, these species exhibit various biological activities,
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including antimicrobial, cytotoxic, anti-inflammatory, and
analgesic effects, and are therefore regarded as potential
sources of drug candidates.®

Cachrys L. is a genus in the family Apiaceae, comprising seven
accepted species and is distributed in Europe, North Africa,
Western Asia, and adjacent regions.! There are differing opinions
in the literature regarding the taxonomic circumscription of the
genus. According to Tutin (1968), Cachrys also includes Prangos
Lindl. and Hippomarathrum Link; however, Boissier classified
these taxa as three distinct genera in 1872.4 In Turkiye, the
genus is commonly known by vernacular names such as “Casir”,
“Tarhana Otu”, “Carsambaotu”, and is represented by two
species: Cachrys cristata and Cachrys crassiloba.® Although
data on the traditional medicinal uses of Cachrys species remain
limited, Cachrys libanotis L. has been reported for the treatment
of rheumatism, whereas plant material historically reported as
Cachrys alpina M. Bieb. has been used as an aphrodisiac.®”

Various coumarin derivatives, especially furanocoumarins,
have been reported from Cachrys species. Coumarins such
as isoimperatorin, imperatorin, bergapten, xanthotoxin,
isopimpinellin, prantschimgin, sprengelianin, ulopterol, and
oxypeucedanin have been isolated from Cachrys sicula.
Coumarin derivatives, including xanthotoxin, bergapten,
isopimpinellin, psoralen, isooxypeucedanin, columbianetin,
jatamansin, seselin, osthol, and suberosin, have also been
detected in extracts and fractions obtained from Cachrys sicula,
Cachrys libanotis, and Cachrys pungens.®™® In addition to these
phytochemical studies, investigations of Cachrys species have
generally focused on their essential oil compositions."®

Dementia is characterized by a decline in cognitive functions,
including memory and thinking, which can interfere with
everyday activities. Alzheimer's disease is the most common
form of dementia® Impaired cholinergic neurotransmission
plays an important role in the pathophysiology of Alzheimer's
disease. The inhibition of acetylcholinesterase (AChE)
and butyrylcholinesterase (BChE), which helps maintain
acetylcholine levels, is considered one of the main symptomatic
approaches to support learning and memory functions.”
To the best of our knowledge, no specific ethnobotanical
record documents the use of Cachrys cristata for memory
impairment, cognitive dysfunction, or neurodegenerative
disorders. Therefore, the selection of cholinesterase inhibition
as an endpoint in the present study was not based on a direct
traditional claim for this species, but rather on the plant’s
phytochemical profile. Since the isolated constituents mainly
belonged to the furanocoumarin class, and several coumarin/
furanocoumarin derivatives, such as bergapten, xanthotoxin,
and umbelliferone, have been reported to improve cognitive
functions in experimental models through cholinergic,
antioxidant, and anti-inflammatory mechanisms,”®"” AChE and
BChE inhibition assays were selected as a phytochemistry-
driven bioactivity screening approach. These findings suggest
that coumarins may be promising candidates for biological
activity studies targeting neurodegenerative diseases.

Within this context, the present study evaluated the inhibitory

effects of furanocoumarin-type compounds isolated from
Cachrys cristata on AChE and BChE. The possible interactions
of these compounds with the active sites of the enzymes were
further investigated using molecular docking analyses.

MATERIALS AND METHODS

Plant material

The plant material was collected by Prof. Dr. Mahmut Miski and
Ersan Puttn from the Alasehir-Buldan road in Denizli Province,
Turkiye, at an altitude of 1650 m on 9 June 1982. The plant was
identified by Prof. Dr. Mine Kogyigit Avci as Hippomarathrum
cristatum (DC.) Boiss. (syn. Cachrys cristata DC.). A voucher
specimen prepared from the aerial parts of the plant was
deposited in the Herbarium of the Faculty of Pharmacy, istanbul
University, under the accession number ISTE 48929.

General experimental procedures

Hexane, dichloromethane, methanol (MeOH), ethyl acetate
(EtOAC), acetonitrile (ACN), toluene, and sulfuric acid (H,SO,)
were used for extraction, chromatographic separation, and
thin-layer chromatographic analysis. DCM, EtOAc, and
p-anisaldehyde were purchased from Sigma-Aldrich (St.
Louis, MO, USA), while MeOH, ACN, toluene, and H,SO, were
purchased from Merck (Darmstadt, Germany). Sephadex LH-
20 was purchased from GE Healthcare (Chicago, IL, USA).
LiChroprep RP-18 (40-63 pum) was purchased from Merck and
used for reversed-phase column chromatography. Silica gel
60 F,,, TLC plates (0.25 mm; Merck, Darmstadt, Germany)
were used for analytical thin-layer chromatography, and
Supelco silica gel 60 F,,, preparative TLC plates (0.5, 1, and
2 mm; Merck, Darmstadt, Germany) were used for preparative
separations. TLC plates were visualized under UV light at 254
and 366 nm using a UV lamp (Camag, Muttenz, Switzerland).
When necessary, the plates were sprayed with freshly
prepared anisaldehyde-H,SO, reagent, followed by heating.
Chromatographic separations were carried out using Sephadex
LH-20 column chromatography, reversed-phase C, column
chromatography, and preparative thin-layer chromatography.
Fractions showing similar TLC profiles were combined and
further purified according to their chromatographic behavior.
The structures of the isolated compounds were elucidated
mainly by (DH NMR spectroscopy. NMR spectra were recorded
on a Bruker 500 MHz spectrometer using CDCL, as the solvent.

Extraction and isolation

The roots used in the present study originated from the same
collection as the voucher specimen. The root material was
extracted shortly after collection in 1982, and the resulting
extract was stored under deep-freeze conditions until the
phytochemical investigation was performed.

The dried and coarsely powdered roots of Cachrys cristata
DC. (280.0 g) were extracted with dichloromethane using a
Soxhlet apparatus. The solvent was evaporated under reduced
pressure to ca. 100 mL and kept refrigerated overnight. The
resulting white crystalline precipitate was collected as a
coumarin-rich fraction (4.0 g). This fraction (4.0 g) was initially
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subjected to Sephadex LH-20 chromatography using a glass
column measuring 50 cm in length and 5 cm in diameter. The
column was eluted with a mixture of hexane-dichloromethane-
MeOH (7:4:1, v/v/v) to obtain preliminary fractions. A total of
243 fractions were collected and monitored by TLC under
UV light at 254 and 366 nm. Fractions showing similar TLC
profiles were then combined and further purified according
to their chromatographic behavior. Sephadex LH-20 fractions
223-242 directly afforded oxypeucedanin hydrate (58 mg).
Sephadex LH-20 fractions 37-42 were further separated by
reversed-phase C, column chromatography. Subfractions
21-22, obtained from this column, afforded oxypeucedanin
(8.4 mg). Sephadex LH-20 fractions 43-50 were fractionated
by reversed-phase C,, column chromatography. Subfractions
27-32 afforded xanthotoxin (2.0 mg), while subfractions
34-43 yielded bergapten (3.8 mg). Subfractions 48-53 were
further purified by preparative TLC using silica gel plates
(0.5 mm thick) and toluene-dichloromethane-EtOAc-ACN
(4:4:2:1, v/v/v/v) as the mobile phase, yielding oxypeucedanin
ethanolate (2.2 mg) and pabularinone (0.8 mg). Sephadex LH-
20 fractions 63-84 were further separated by reversed-phase
C,g column chromatography, and subfractions 39-45 afforded
3'-hydroxyprantschimgin (3.6 mg). Sephadex LH-20 fractions
85-105 were also separated by reversed-phase C, column
chromatography. Subfractions 12-17 and 24-29 were purified
by preparative TLC under the same conditions to yield marmesin
(3.9 mg) and pabulenol (1.3 mg), respectively. Subfractions
30-38 were purified by preparative TLC using 1-mm silica gel
plates and the same mobile phase to obtain saxalin (1.2 mg).

Determination of cholinesterase inhibitory activities
Compounds 1, 2, 3, 5, 7, and 9 were selected from the isolated
compounds for cholinesterase inhibition assays based on
the availability of sufficient material and acceptable purity
following final purification, as assessed by TLC and (1DH NMR.
The inhibitory activities against AChE (Sigma-Aldrich, Cat.
No. C3389) and BChE (Sigma-Aldrich, Cat. No. C7512) were
determined using the Ellman method,®® with modifications
based on Sevingli et al.?' The compounds and donepezil, used
as the reference inhibitor, were dissolved in dimethyl sulfoxide
(DMSO0) and serially diluted to obtain final assay concentrations
of 20, 40, 80, 120, and 160 uM for the isolated compounds; 1.2,
2.4, 4.8, and 9.6 uM for donepezil in the BChE assay; and 0.12,
0.24, 0.48, and 0.96 uM for donepezil in the AChE assay. Ten
microliters of the isolated compound or donepezil solution
was mixed with 220 ulL of Ellman reagent (95.5 mM sodium
phosphate buffer, pH 7.5, containing 955 uM ATChl or BTChl
and 318 uM DTNB). For the control, an equal volume of DMSO
was used in place of the inhibitor solution. Subsequently, 20
uL of AChE (0.4 U/mL) or BChE (0.3 U/mL) was added, and
the absorbance was recorded at 412 nm at 1-min intervals for
10 min. The percentage inhibition was calculated using the
following equation:

Inhibition (%) = [1 - (AA_sample/min / AA_control/min)] x 100
where AA_sample/min and AA_control/min represent the rates
of absorbance increase in the presence and absence of the
inhibitor, respectively.

The cholinesterase inhibition assays were performed in three to
four independent experiments, each with two to four technical
replicates. IC, values were calculated by non-linear regression
analysis using GraphPad Prism (version 11.0.2; San Diego, CA,
USA). Inhibition percentages and IC,, values are expressed as
mean + standard deviation.

Molecular docking

Molecular docking studies were performed using the
Schrodinger software package (Schrodinger Release 2017-3,
Schrédinger, LLC, New York, NY, USA). The crystal structures
of human AChE in complex with donepezil (PDB ID: 4EY7)?
and human BChE in complex with tacrine (PDB ID: 4BDS)?
were retrieved from the Protein Data Bank and prepared using
the Protein Preparation Wizard. Hydrogen atoms were added,
bond orders were assigned, non-essential water molecules and
heteroatoms were removed, and the structures were minimized
using the OPLS3 force field.?* The isolated furanocoumarins
were prepared using LigPrep with default settings, including
Epik-based ionization-state generation, and were minimized
with the OPLS3 force field. Receptor grids were generated
around the binding sites of the co-crystallized ligands: donepezil
for AChE and tacrine for BChE. Docking calculations were
performed using Glide SP with flexible ligand sampling.?>2¢

The docking protocols were validated by redocking the co-
crystallized ligands into their respective active sites. Although
electric eel AChE and equine serum BChE were used in in
vitro enzyme inhibition assays, human cholinesterase crystal
structures were selected for docking because they provide
experimentally determined, ligand-bound models suitable for
grid generation and redocking validation. In this context, the
human BChE-tacrine complex 4BDS provides a ligand-bound
model suitable for validating the docking protocol for BChE. A
similar methodological approach was reported previously in a
furanocoumarin-related cholinesterase study, in which electric
eel AChE and horse serum BChE were used in enzymatic
assays, and docking analyses were performed using a human
BChE crystal structure.?” Since the enzyme sources used in the
in vitro assays and the docking models were not identical, the
docking results were interpreted only as qualitative structural
support for the possible binding poses and interaction patterns
of the isolated furanocoumarins, rather than as species-specific
quantitative predictions of inhibitory potency.

Ethics approval and informed consent

Ethics committee approval and informed consent were not
required for this study, as it did not involve human participants
or experimental animals.

RESULTS

Phytochemical results

Ten furanocoumarin-type compounds were isolated from the
coumarin-rich fraction of the dichloromethane extract obtained
from the roots of Cachrys cristata. Their structures were
identified by comparison of their (1)H NMR spectroscopic data
with those reported in the literature as bergapten? (1) (3.8 mg),
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xanthotoxin? (2) (2 mg), marmesin® (3) (3.9 mg), pabularinone®
(4) (0.8 mg), pabulenol® (5) (1.3 mg), 3'-hydroxyprantschimgin®
(6) (3.6 mg), oxypeucedanin® (7) (8.4 mg), oxypeucedanin
ethanolate/oxypeucedanin hydrate-3"-ethyl ether* (8) (2.2 mg),
oxypeucedanin hydrate® (9) (58 mg), and saxalin®* (10) (1.2 mg).
For compounds containing stereogenic centers, stereochemical
assignments were made by comparison with reported data
for the corresponding known compounds, and the measured
optical rotation values were consistent with literature values.
According to the available literature, furanocoumarins have not
previously been reported from the roots of Cachrys cristata. The
(MH NMR spectra of the isolated compounds are provided in the
Supplementary Figures S1-13. The molecular structures of the
compounds are presented in Figure 1.

Cholinesterase inhibitory activity
The isolated compounds exhibited different inhibitory profiles
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Figure 1. Structures of compounds isolated from Cachrys cristata.

against AChE and BChE (Table 1). Regarding AChE inhibition,
bergapten (1) was the most active compound, with an IC, of
92.15 uM. Pabulenol (5) exhibited 31.71% inhibition at the highest
tested concentration, 160 uM, whereas xanthotoxin (2) and
marmesin (3) exhibited only limited activity. Oxypeucedanin
(7) and oxypeucedanin hydrate (9) showed no significant AChE
inhibitory activity at 160 pM.

For BChE, pabulenol (5) and bergapten (1) reached approximately
50% inhibition, displaying IC,, values of 157.28 uM and 150.25
uM, respectively. The remaining compounds showed only weak
BChE inhibitory activity and did not reach 50% inhibition within
the tested concentration range. Although bergapten was the
most active molecule against AChE and BChE, its inhibitory
potency remained markedly lower than that of donepezil (IC_, =
0.40 uM for AChE; 3.38 uM for BChE).

Molecular docking results

The AChE docking protocol was evaluated by redocking the co-
crystallized ligand donepezil into the active site of the human
AChE structure 4EY7. The redocked pose yielded an RMSD of
211 A relative to the crystallographic pose, which is slightly
above, but close to, the commonly used 2.0 A threshold for
docking validation. However, visual inspection of the superposed
crystallographic and redocked poses showed that donepezil
occupied the same active-site groove and largely preserved
the overall orientation of the native ligand. The redocked pose
also retained the principal interaction regions reported for
the 4EYT complex, particularly the aromatic region involving
Trp86 and Trp286. Therefore, given the flexible and elongated
structure of donepezil, the docking setup was acceptable for
qualitative interpretation of the binding poses of the isolated
furanocoumarins. The superposition of the crystallographic
and redocked donepezil poses is provided in the Supplementary
Figure S11. The 2D and 3D interaction diagrams of redocked
donepezil are shown in Figure 2.

In the AChE docking analysis, the isolated furanocoumarins
showed Glide SP scores ranging from -6.935 to -7.474 kcal/mol.
Bergapten (1) exhibited the best docking score (-7.474 kcal/

Table 1. AChE and BChE inhibitory activities of the isolated compounds.

AChE BChE
Compound :r::)ibl:t"iﬁon (%) at IC,, (uM) :r;t:)iblji‘t"i/lon (%) at IC,, (uM)
Oxypeucedanin - 2221+ 2.47
Pabulenol 3171+ 2.62 50.61 £ 1.55 157.28 + 9.68
Bergapten 65.87 + 2.69 9215+ 1.73 53.28 + 3.74 150.25 + 6.63
Xanthotoxin 13.43 + 7.94 34.62 + 8.07
Marmesin 12.37 £ 798 14.92 + 6.74
Oxypeucedanin hydrate - 20.65 £ 6.07
Donepezil 0.40 £ 0.03 338 +0.45

Values are expressed as mean + SD (n = 3). IC,, values were not calculated for compounds showing less than 50% inhibition at 160 uM (the highest tested

concentration). “=" indicates no significant inhibitory activity.

AChE, acetylcholinesterase; BChE, butyrylcholinesterase; SD, standard deviation.
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mol), followed by marmesin (3), which had a score of -7.381
kcal/mol. The 2D and 3D docking poses of bergapten are shown
in Figure 3.

The BChE docking protocol was evaluated by redocking the
co-crystallized ligand tacrine into the active site of the human
BChE structure 4BDS. The redocked pose showed an RMSD
value of 1.44 A compared with the crystallographic pose. The
superposition of the crystallographic and redocked poses of
tacrine is provided in the Supplementary Figure S12. The 2D
and 3D interaction diagrams of redocked tacrine are shown in
Figure 4.

In the BChE docking analysis, the isolated furanocoumarins
showed Glide SP scores ranging from -6.165 to -7.471 kcal/mol.

Pabulenol (5) exhibited the best docking score (-7.471 kcal/
mol), followed by oxypeucedanin hydrate (9) (-7.387 kcal/mol),
bergapten (1) (-6.869 kcal/mol), oxypeucedanin (7) (-6.728
kcal/mol), and xanthotoxin (2) (-6.630 kcal/mol). The 2D and
3D docking poses of pabulenol, the compound with the best
BChE docking score, are shown in Figure 5.

The Glide SP docking scores of the investigated compounds
and reference ligands are summarized in Table 2.

DISCUSSION

The phytochemical investigation of the roots of Cachrys cristata
led to the isolation of ten furanocoumarin-type compounds from
the coumarin-rich fraction of the dichloromethane extract. The
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Figure 2. 2D and 3D redocked pose of donepezil in the active site of AChE (PDB ID: 4EY7).
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Table 2. Glide SP docking scores of the investigated furanocoumarins and reference ligands against AChE and BChE.

Compound

AChE Glide SP docking score

BChE Glide SP docking score

Bergapten (1)

T474

-6.869

Xanthotoxin (2) -6.995 -6.630
Marmesin (3) -7.381 -6.165
Pabulenol (5) -7183 -T.A4T1
Oxypeucedanin (7) -6.935 -6.728
Oxypeucedanin hydrate (9) -71166 -7.387
Donepezil -12.798 -
Tacrine - -1.793

Values are reported as Glide SP docking scores.
AChE, acetylcholinesterase; BChE, butyrylcholinesterase.
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predominance of furanocoumarins in this fraction is consistent
with the known chemical profile of Apiaceae taxa, particularly
in genera that are rich in linear and angular furanocoumarin
derivatives. This finding is noteworthy from a phytochemical
perspective, since, according to the available literature,
furanocoumarins have not previously been reported from the
roots of Cachrys cristata.

In the cholinesterase inhibition assays, the isolated compounds
generally showed weak inhibitory activity compared with
donepezil. Among the tested compounds, bergapten (1) was the
most notable AChE inhibitor, with an IC, value of 92.15 uM. In
contrast, pabulenol (5) and bergapten (1) showed measurable
but weak BChE inhibition, with IC_, values of 157.28 uM and
150.25 pM, respectively. These findings suggest that the
furanocoumarin scaffold alone is insufficient to confer strong
cholinesterase inhibition, but may provide simple, natural
framework for further structural optimization.

However, the estimated BChE IC, values for pabulenol and
bergapten were close to the upper limit of the investigated
concentration range (160 pM). Given that the inhibition
percentages at the highest tested concentration were only
slightly above 50%, these estimates should be interpreted with
caution. The absence of measurements above 160 pM may
introduce uncertainty into IC, estimates, and further evaluation
over an extended concentration range would improve their
precision.

Previous studies on Apiaceae furanocoumarins have reported
variable cholinesterase inhibitory profiles depending on
compound structure, enzyme source, and assay conditions.
In  Angelica dahurica, isoimperatorin, imperatorin, and
oxypeucedanin were reported to be AChE-inhibitory
constituents with IC, values of 74.6, 637, and 891 uM,
respectively, whereas the reference inhibitor, berberine,
showed an IC,, value of 2.9 uM.* In another study on Angelica
dahurica roots, oxypeucedanin and oxypeucedanin hydrate
showed measurable but weaker cholinesterase inhibition than
eserine, with IC,  values of 69.3 and 136.4 uM against AChE
and 65.6 and 71.2 uM against BChE, respectively.* Studies on
Angelica officinalis and Angelica archangelica further indicated
that some furanocoumarins may inhibit BChE more strongly than
AChE; however, simple furanocoumarins such as bergapten,
xanthotoxin, and isoimperatorin may be weak inhibitors or
inactive depending on the assay system.*® Therefore, the weak
cholinesterase-inhibitory activity observed in the present study
is generally consistent with previous reports and supports the
view that the furanocoumarin scaffold alone is not sufficient for
potent cholinesterase inhibition; rather, substitution patterns,
side-chain features, and enzyme-specific interactions appear
to be critical determinants of activity.

The AChE docking results partially supported the experimental
activity profile. Bergapten (1) exhibited the most favorable
docking score among the isolated compounds and was also the
only compound with a measured AChE IC, value. Its docking
pose indicated accommodation in the aromatic region of the
AChE active-site groove, mainly via hydrophobic and =n-type
interactions with residues such as Tyr341 and Phe295 and

other surrounding aromatic residues. However, the remaining
compounds showed weak or negligible AChE inhibition despite
comparable docking scores. This discrepancy indicates that the
docking scores should be interpreted qualitatively rather than
as direct predictors of inhibitory potency.

Comparison with donepezil further supports the observed
weak AChE-inhibitory activity of the isolated furanocoumarins.
Donepezil extends along the active-site groove and interacts
with multiple binding regions, including aromatic contacts with
Trp86 and Trp286. In contrast, the isolated furanocoumarins
are smaller, mostly planar, and lack an extended linker or a
cationic center. Although their fused coumarin-furan scaffold
can be accommodated within the AChE active site, their limited
interaction profile may preclude stronger binding and result in
weaker inhibitory activity.

For BChE, pabulenol (5) showed the best docking score and
displayed measurable inhibition. Its predicted pose suggested
interactions with Trp82 and neighboring hydrophobic or
aromatic residues such as Tyr332, Ala328, Met437, and Tyr440.
The additional polar contact formed through its oxygenated side
chain may contribute to its relatively favorable docking score.
Bergapten (1), despite its lower docking score, also showed
measurable BChE inhibition and was positioned near Trp82,
where it maintained aromatic and hydrophobic contacts within
the catalytic cavity.

Nevertheless, the BChE docking scores did not fully parallel
the experimental results. Oxypeucedanin hydrate (9) showed
a relatively favorable docking score but did not display
comparable inhibitory activity. This suggests that factors such
as ligand orientation, desolvation, conformational effects,
and the absence of stronger catalytic-site interactions may
influence the observed activity. Compared with tacrine, the
tested furanocoumarins lacked a cationic center and did not
reproduce the same strong interaction pattern with His438
and the active-site water network. This limited interaction
profile may explain their weak inhibitory effects on BChE.
Taken together, the AChE and BChE docking results should be
interpreted cautiously, since the Glide SP docking scores of the
isolated furanocoumarins were distributed within a relatively
narrow range and did not fully parallel the experimental
inhibition data. Therefore, the docking analysis was used only as
qualitative structural support for possible binding orientations
and interaction patterns, rather than as a quantitative predictor
of cholinesterase inhibitory potency.

Overall, the biological and docking results indicate that the
furanocoumarins isolated from Cachrys cristata exhibit only
weak cholinesterase-inhibitory activity. However, the observed
accommodation of these compounds within the AChE and BChE
active-site cavities suggests that the furanocoumarin scaffold
may serve as a starting point for designing semi-synthetic
derivatives with enhanced binding interactions and stronger
inhibitory activity.

Study limitations

The present study has some limitations. First, some isolated
compounds could not be evaluated in the cholinesterase
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inhibition assays because they were obtained in limited
quantities. Therefore, biological evaluation was restricted to
compounds available in sufficient quantities. Second, enzyme
inhibition assays were performed as preliminary endpoint
screening experiments; detailed kinetic studies were not
conducted to determine the mechanism of inhibition. The
molecular docking studies served only as qualitative structural
support for possible binding orientations and interaction
patterns; docking scores should not be interpreted as
quantitative predictors of inhibitory potency.

CONCLUSION

Furanocoumarins isolated from Cachrys cristata exhibited
weak cholinesterase- inhibitory activity. Bergapten was the
most active compound against AChE, while only bergapten
and pabulenol reached sufficient BChE inhibition to allow
IC,, determination. Molecular docking studies supported
the experimental findings qualitatively, indicating that these
compounds can be accommodated within the active-site
cavities mainly through hydrophobic and n-type interactions
with key aromatic residues. However, their limited interaction
profiles, lack of a cationic center, and absence of extended
binding features likely account for their markedly weaker
activity compared with donepezil. Overall, these results suggest
that the furanocoumarin scaffold may serve as a simple natural
framework for the design of more potent semi-synthetic
cholinesterase inhibitors.
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