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Introduction

Hyperlipidemia is the medical term for high levels of
lipids, particularly cholesterol and triglycerides, in the blood
(Jameson, et al., 2022). These fats are essential for normal
body function; however, when their levels are too high, they
can cause a build up of fatty deposits, known as plaque,
on the body’s blood vessel walls, thus increasing the risk
of cardiovascular diseases such as heart attack, stroke and
atherosclerosis (National Health Service, UK, 2022a). The
causes of hyperlipidemia can be genetics, poor diet, lack of
exercise, obesity, diabetes, smoking, alcohol overuse and
certain medications (National Heart, Lung and Blood Institute,
2024). Treatment of hyperlipidemia can involve a changed
lifestyle, regular monitoring and use of proper medications
(Jameson, et al., 2022). Statins are a class of medication that
can lower cholesterol levels and reduce the risk of heart disease
and stroke (Stein, 2002). Statins function by binding to the
active site of HMG-CoA (an intermediate in the mevalonate and
ketogenesis pathways) reductase (HMGCR) and thus inhibiting
the enzyme and consequently reducing cholesterol production
in the liver (Istvan et al., 2000; Istvan and Deisenhofer, 2000
and 2001; Igel et al., 2001; Istvan, 2003). However, statins can
cause side effects, such as muscle pain or weakness, elevation
of liver enzymes, increased blood sugar causing a risk of
Type 2 diabetes and, in rare cases, serious muscle breakdown
(National Health Service, UK, 2022b).

With the belief that certain natural products may be
effective in treating hyperlipidemia with a lower risk of
negative side effects, attention has been directed to alternative
medicines of plant origin. For example, several plant extracts
have been investigated in vitro against HMG-CoA reductase
and some extracts have produced rather high half maximal
inhibitory concentration (ICs,) values; however, no pure
compounds were tested in those reports (Jung et al., 2005;
Gholamhoseinian et al., 2010; Baskaran et al., 2015). Recently,
several in silico approaches for the screening of HMG-CoA
reductase inhibitors were documented and helped to identify
some best-hit compound structures (Junaidin et al., 2022;
Mazumder et al., 2024; Dagar et al., 2025).

Citrus hystrix DC (Rutaceae) is known in Thailand as
“makrut”, where its leaves and fruits are commonly used
in Thai cooking recipes (Buathong and Duangsrisai, 2023).
Its phytochemicals and uses were recently reviewed (Siti et al.,
2022; Zhao et al., 2023). Phytochemical investigations
have revealed that this plant contains diverse types of

secondary metabolites, including prenylfuranocoumarin—
hydroxymethylglutaric acid (high mobility group A, HMGA)
conjugates (Youkwan et al., 2010; Secka et al., 2016). The
current study investigated whether the HMGA moiety present
in some of the isolates could bind competitively to the HMG-
CoA reductase active sites, which can lead to the suppression
of mevalonate generation, thus resulting in a decrease in
cholesterol formation. Two 3-hydroxymethylglutaryl flavonoid
glycosides (brutieridin and melitidin) were isolated from Citrus
bergamia Risso, with computations of the binding energy
in a protein-like medium indicating that both compounds
seemed to be good candidate competitive inhibitors of HMG-
CoA reductase with respect to the binding of HMG-CoA
(Di Donna et al., 2009; Leopoldini et al., 2010). Based
on this information, molecular docking simulations were
carried out for 23 structures of the prenylfuranocoumarin—
hydroxymethylglutaric acid (HMGA) conjugates and related
isolated compounds (Youkwan et al., 2010; Seeka et al., 2016).
The current study investigated the best-hit compounds further
using molecular dynamic simulations as well as in vitro HMG-
CoA reductase inhibitory activity.

Materials and Methods
System information

Computational simulations and visualizations were
performed using an Intel® Xeon® E5-2680 V3 dual core
CPU 2.50 GHz processor (Intel Corp.; Santa Clara, CA,
USA), with the Windows 11 Pro operating system (Microsoft
Corp.; Redmond, WA, USA) and the Ubuntu 22.04.1 LTS,
64-bit open source software operating system (Canonical;
London, UK). The software utilized in this study consisted of
Gaussian 09 (Frisch et al., 2010), AutoDock 4.2 (Morris et al.,
1998), AutoDock Tools (ADT) V. 1.5.6 (Morris et al., 2009),
AutoDock Vina V. 1.1.2 (Trott and Olson, 2009) and BIOVIA
Discovery Studio Visualizer V. 21.1 software (BIOVIA,
2020). The Molecular Dynamics (MD) simulations of the
protein-ligand complex were performed using Desmond V. 6.5
(Schrodinger, 2021) to evaluate the structural stability over time.

The current study investigated a set of 23 compound
structures of Citrus hystrix (Youkwan et al., 2010; Seeka et
al., 2016). Candidate compound structures were optimized
using Gaussian 09 at the B3LYP/6-31G(d) level of theory and
subsequently docked into the protein structures of HMG-CoA
reductase (PDB: 1HWO, 2.33 A; Istvan et al., 2000 and 2001;
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Igeletal.,2001; Junaidin et al., 2022), obtained from the Protein
Data Bank (https://www.rcsb.org/structure/ IHW9). Both the
protein and ligand structures (23 compounds) were prepared
for docking using AutoDock Tools (Morris et al., 2009).
The protein structure was prepared by removing water molecules,
adding polar hydrogens, merging nonpolar hydrogens and lone
pairs, and assigning Kollman charges. Ligands were assigned

Gasteiger partial charges, with torsions kept at default settings.
A grid box size of 95 A x 95 A x 95 A was centered on the
crystallographic coordinates of simvastatin in the binding
pocket (center: x = 3.928, y =-9.204, z=—11.325). Molecular
docking simulations were performed using AutoDock Vina and
the resulting docking poses were visualized and analyzed using
BIOVIA Discovery Studio Visualizer (see Tables 1 and S1).

Table 1 Molecular docking interactions between HMG-CoA—reductase (HMGCR)/simvastatin and HMGCR/selected isolated compounds

Compound Residues Interaction Distance (A) Docking score (kcal/mol)
Simvastatin LYS735% Hydrogen Bond 1.81 -7.4
ARG590* Hydrogen Bond 1.80
LYS691%* Hydrogen Bond 1.88
ASP690* Hydrogen Bond 2.09,1.81
ALA751 Hydrogen Bond 1.92
CYS561 Alkyl 5.03, 3.66
LEUS853 Alkyl 5.11
LEU562 Alkyl 4.37
HIS752 Pi-Alkyl 4.68
6'-0-(3"-Hydroxy-3"- LYS735% Hydrogen Bond 1.91 -93
methylglutaryl)-6',7-dihydroxybergamottin (CH1) ARG590* Hydrogen Bond 2.46
MET655 Hydrogen Bond 3.02
;i(\)vo GLY656 Hydrogen Bond 2.06
S0 (/m LYS691* Hydrogen Bond 2.14
o oo LYS692 Hydrogen Bond 2.74,2.68
SER684 Hydrogen Bond 3.01
ASN658 Hydrogen Bond 1.95
ASP690* Hydrogen Bond 1.44
ASP767 Pi-Anion 4.74
GLY808 Pi-Donor Hydrogen Bond 2.62
MET655 Pi-Sigma 2.88
MET655 Pi-Alkyl 4.82
Citrusoside G ASNS567 Hydrogen Bond 2.16 -9.4
ASN755 Hydrogen Bond 2.76
- 0 o ARG590* Hydrogen Bond 2.92,2.27,2.00
Ho ww LYS691*  Hydrogen Bond 2.07
£y 5 soel GLU665  Hydrogen Bond 1.48
ASP690* Hydrogen Bond 1.95,1.93
GLUS59 Hydrogen Bond 2.15
ALA564 Alkyl 4.60, 3.86
ARG568 Alkyl 5.34
ALAS856 Alkyl 3.23
CYS561 Alkyl 3.74
ALA564 Pi-Alkyl 4.71
ARG568 Pi-Alkyl 4.47,4.01
ARG571 Pi-Alkyl 5.10
VAL720 Pi-Alkyl 5.46
MET657 Pi-Alkyl 5.12
6',7"-Dihydroxybergamottin LYS735* Hydrogen Bond 2.08 -7.6
ALAS525 Hydrogen Bond 2.92,2.06
Hod g ARG590 Pi-Cation 4.10,3.74,3.23
LEUS853 Pi-Alkyl 4.99

o o~ o

* = commonly found active residues among these compounds (see also Istvan et al., 2000).
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Validation of docking

The molecular docking procedure was performed by
redocking simvastatin into the active site of HMG-CoA
reductase (IHW9) to determine the appropriate binding
parameters for the docking of AutoDock Vina. The accuracy
of the redocking was evaluated by calculating the root mean
square deviation (RMSD) between the redocked ligand
and the X-ray crystallographic assembly of simvastatin.
An RMSD value of the co-crystallized ligand of less than 2.0 A
(Fig. 1) indicated that the docking method used was sufficiently
accurate in the prediction of the binding mode of the ligand
(Silva et al., 2021; Mazumder et al., 2024).

Fig. 1 Redocking validation of co-crystallized ligand, where crystal
structure of simvastatin (green) is superimposed with redocked pose (gray)

Molecular dynamics

Molecular dynamic (MD) simulations were performed
to inspect the best variability and conformational variations
of different binding modes of ligand-protein complexes
using the previously published protocol and references cited
(Mazumder et al., 2024). The protein-ligand complexes were
prepared using the Desmond system builder and solved using
the pre-defined SPC solvent model. Orthorhombic boundary
conditions were applied to the simulation box, maintaining
a 10 A buffer between the solute and the box edges. The
system was neutralized with appropriate counter ions (Na*/Cl").
The MD simulations were carried out under the NPT
ensemble at 300 K and 1.01325 bar for 100 ns, with trajectory
data recorded every 100 ps for subsequent structural and
interaction analyses. Interaction diagrams were generated
using the Desmond module to examine the simulation results.

Chemical and reagents for in vitro analysis

The HMG-CoA reductase enzyme and relevant reagents
were obtained as an assay kit from Sigma-Aldrich (St. Louis,

MO, USA) and DMSO ReagentPlus® was obtained from
Sigma-Aldrich (Saint-Quentin-Fallavier, France).

HMG-CoA reductase assay

HMGCR inhibitory activity evaluation was based on the
protocol reported by Igbal et al. (2014) Baskaran et al. (2015)
and Zaborowska et al. (2022) using the HMGCR assay Kkit.
Simvastatin was used as the standard drug. The inhibition of the
HMGCR assay was based on the consumption of nicotinamide
adenine dinucleotide phosphate (NADPH) in the presence of the
substrate HMG-CoA, which was monitored by the decrement
of the absorbance at 340 nm. In brief, to examine the inhibition
of selected isolates on HMGCR activity, each well of a 96-well
plate contained 1 pL of at least five serial concentrations of
the samples (0.4—80 mg/mL to obtain final concentrations of
2-400 pg/mL) dissolved in dimethyl sulfoxide (DMSO), 4 uL of
NADPH (to obtain a final concentration of 400 uM) and 12 pL
of HMG-CoA (to obtain a final concentration of 400 uM) in
a final volume of 0.2 mL of 100 mM potassium phosphate buffer,
pH 7.4, containing 120 mM potassium chloride (KCl), 1 mM
ethylenediaminetetraacetic acid and 5 mM dithiothreitol. The
enzymatic reaction was initiated by the addition of 2 uL of the
catalytic domain of human recombinant HMGCR. Simvastatin
within a concentration range of 5-100 pg/mL (to obtain final
concentrations of 25-500 ng/mL) was used as the standard
drug, while a sample-free DMSO served as the control. A final
concentration of 0.5% DMSO was established in each well plate.

The rates of reaction were investigated at 37°C. The decrease
in absorbance of NADPH was recorded every 20 s for up to
10 min at 340 nm using a microplate spectrophotometer (Multiskan™
SkyHigh; Thermo Scientific; Waltham, MA, USA).

The enzyme activities were determined in the unit of
specific activity (Units/mgP) defined as the units of micro
moles of NADPH oxidized per minute per milligram of protein
using Equation 1, as provided by the manufacturer (Sigma-
Aldrich St. Louis, MO, USA):

Units/mgP = [AA;,/min sample - AA,,/min blank) /
12.44 x 0.002 x 0.6 x 0.55] x 0.2 (1)

where AA,,/min is the absorbance difference between
the two time points in the linear range at least 2 min apart,
sample is the reaction with HMGCR and blank is to the reaction
without HMGCR, 0.2 mL is the total volume of the reaction,
12.44 L/(mmol-cm)is derived from the 2 M of NADPH consumed
in the reaction (since the extinction coefficient for NADPH at
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340 nm is 6.22 L/(mmol-cm), 0.002 mL is the volume of the
enzyme used in the assay, 0.6 mgP/mL is the enzyme concentration;
and 0.55 cm is the value of the light path for the plates.

The results of the sample inhibition were presented
in terms of the percentage inhibition compared to that of
the control when the NADPH oxidation reaction occurred
for a sample-free DMSO. The percentage of HMGCR inhibition
was calculated using Eq. 2:

Units/mgP.,,; = Units/mgPy,,. 100 @
X

o Inhibiti _ .
A) " lbltlon UnltS/mchomml

where the Units/mgP control is the unit of specific activity of
the control when the HMGCR reaction with a sample-free DMSO
while sample is the HMGCR reaction with a test substance.

The half-maximal inhibitory concentration (ICs,) value,
representing the concentration at which 50% inhibition is
achieved, was determined by analyzing the relationship
between the percentage of HMGCR inhibitory activity and
the sample concentration. All experiments were performed in

triplicate.
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Results and Discussion

Validation of the molecular docking calculations, based on
the RMSD value of the co-ligand of IHW9 of 1.16 A (Fig. 1),
indicated that the constructed docking method was sufficiently
accurate in predicting the binding mode of the ligand, as it was
less than 2.0 A (Silva et al., 2021; Mazumder et al., 2024).

The molecular docking calculations of the 23 compound
structures of the previously isolated compounds from the Citrus
hystrix peels with IHW9 protein revealed that 13 of these
compounds had docking scores in the range —12.2 kcal/mol to—7.4
kcal/mol, while the standard drugs (pravastatin and simvastatin)
had docking scores of —6.9 and —7.4 kcal/mol, respectively
(Table S1). Among the 13 compounds, only 3 [6'-O-(3"'-
hydroxy-3"-methylglutaryl)-6',7'-dihydroxybergamottin (CH1),
6',7'-dihydroxy-bergamottin and citrusoside G] were considered
for further MD simulation and in vitro study, based on their high
docking scores and their ready availability. The computational
results, consisting of binding residues, types of interactions,
distances and docking scores, are shown in Fig. 2 and Table 1.
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Fig. 2 Molecular docking interactions between 1HW9 and inhibitors: (A) simvastatin; (B) 6’-O-(3"-hydroxy-3"-methylglutaryl)-6',7'-
dihydroxybergamottin (CH1); (C) citrusoside G; (D) 6',7'-dihydroxybergamottin (illustrations obtained using BIOVIA Discovery Studio software).
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Based on the molecular docking calculations, the selected
three compounds had better binding scores than simvastatin,
with all four compounds having different types and numbers of
binding interactions, as shown in Table 1 and Fig. 2. CH1 had
the highest hydrogen bonding interactions.

Since the docking scores for CH1 and citrusoside G
were similar, additional criteria were used concerning the
physicochemical properties prediction of simvastatin and the
three isolates (Table 2), obtained from SwissADME (www.
swissadme.ch). These additional criteria helped to decide
which compound should be chosen for further MD simulation.
Based on the in silico ADME prediction, the physicochemical
property of CH1 was more acceptable than citrusoside G
(Table 2) (Daina et al., 2014 and 2017; Daina and Zoete, 2016).

To understand the protein-ligand complex dynamic behavior
and stability, MD simulations were undertaken for apo-protein
and the protein-ligand complexes of |HW9-simvastatin and
IHWO9-CHI1 over a 100 ns time scale. In the IHW9-simvastatin
and THW9-CHI1 complexes, the protein-ligand complex
RMSD values of the proteins of both complexes were more
or less similar to the apo-protein (Fig. 3). The RMSD values
of the ligands in both complexes remained rather stable until

100 ns. The highest RMSD values of both proteins in both
protein-ligand complexes were around 2.0 A, indicating that
both complexes were equally stable with no conformational
changes. The strengths of the interaction between the protein-
simvastatin and protein-CH1 complexes were obtained based
on the calculation of the MM/GBSA binding energy values
(-34.637 and —52.874 kcal/mol, respectively). Based on these
calculations, CH1 had better binding affinity than simvastatin.

The root mean square fluctuation (RMSF) is useful for
characterizing local changes along the protein chain, including
protein flexibility. In this plot, the peaks indicate areas of
the protein that fluctuate the most during the simulation.
It is common to observe that the tails (N- and C-terminals)
fluctuate more than any other part of the protein. Usually,
secondary structure elements, such as a-helices and B-strands,
are more rigid than the unstructured part of the protein and thus
fluctuate less than the loop regions (Shehu and Kavraki, 2012).
Based on the calculations (Fig. 4), the IHW9-CHI1 complex
had comparable rigidity to the IHW9-simvastatin complex;
however, the IHW9-CH1 complex had a slightly higher
residue index, indicating more interactions between CH1 and
protein residues.

Table 2 Physicochemical properties of simvastatin, CH1, citrusoside G and 6',7'-dihydroxybergamottin (using SwissADME)

Parameters Simvastatin CH1 Citrusoside G 6',7'-Dihydroxybergamottin
Physicochemical properties

Formula Cy5Hy O CyH5,04 CsoHs,0,, Gy H,,04
Molecular weight 436.58 g/mol 516.54 g/mol 1006.95 g/mol 372.41 g/mol
Heavy atoms 31 37 72 27
Aromatic heavy atoms 0 13 29 13
Fraction Csp3 0.76 0.44 0.40 0.38
Rotatable bonds 11 13 21 7
H-bond acceptors 6 10 22 6
H-bond donors 3 3 8 2

Molar refractivity 122.23 135.84 253.19 103.90
TPSA 104.06 A2 156.64 A2 334.15 A2 93.04 A2
Lipophilicity

Log P, (iILOGP) 3.66 3.85 5.24 3.56
Water Solubility

Log S (ESOL) -4.64 -4.06 -7.40 -3.93
Solubility class Moderately soluble Moderately soluble Poorly soluble Soluble
Pharmacokinetics

Gastrointestinal absorption High Low Low High
BBB permeant No No No No
Druglikeness

Violation of Lipinski’s rule 0 1 3 0
Violation of Ghose rule 1 2 3 Yes
Violation of Veber rule 1 2 2 Yes
Bioavailability score 0.56 0.11 0.17 0.55

Fraction Csp3 = fraction of carbon insp3 hybridization; TPSA = topological polar surface area;

Log P

olw

BBB = blood brain, barrier penetration.

= n-octanol/water partition coefficient; iLOGP = implicit log P method; Log S = logarithm of solubility; ESOL = estimated solubility,
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Fig. 3 Root mean square deviation plots of: (A) apo-protein IHW9; (B) IHW9-simvastatin complex; (C) IHW9-6"-O-(3"-hydroxy-3"-methylglutaryl)-
6',7'-dihydroxybergamottin (CH1) complex
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Fig. 4 Root mean square fluctuation (RMSF) plots of: (A) apo protein IHW9; (B) 1HW9-simvastatin complex; (C) 1HW9-6"-O-(3"-hydroxy-3"-
methylglutaryl)-6',7'-dihydroxybergamottin (CH1) complex, where protein residues that interact with ligands are marked with green-colored vertical bars



The protein-ligand interactions obtained after calculation
(Fig. 5) were categorized into four types: hydrogen bonds,
hydrophobic interaction, ionic interaction and water bridges.
The stacked bar charts were obtained after normalization over
the course of the trajectory. An interaction fraction value, for
example of 0.7 suggests that 70% of the simulation time the
specific interaction is maintained. Values over 1.0 may be due to
some protein residues making more than one type of interaction
with the ligand. Among the four investigated compounds, the
residues participating in the substrate hydrogen-bond binding
were: LYS 735, ARG 590, LYS 691, ASP 690 and ALA 751
for simvastatin; LYS 735, ARG 590, LYS 691, ASP 690, ASN
658, MET 655, GLY 656, LYS 692 and SER 684 for CHI;
ARG 590, LYS 691, ASP 690, ASN 567, ASN 755, GLU 665
and GLU 559 for citrusoside G; and LYS 735 and ALA 525
for for 6',7"-dihydroxybergamottin (Table 1 and Fig. 6). CH1
and citrusoside G had higher hydrogen-bond interactions
than simvastatin, while 6',7'-dihydroxybergamottin had two
hydrogen bond interactions with only one common amino acid
residue. Based on the calculations, the presence of a flavonoid
moiety, and in particular a 3"'-hydroxy-3""-methylglutaryl
moiety connected to the C10 prenylfuranocoumarin backbone,

S. Singha et al. / Agr. Nat. Resour. 59 (2025) 590613

played a crucial role in bioactivity modulation. However, based
on the physicochemical properties (Table 2), CH1 was a better
drug candidate. Finally, the molecular docking calculation
revealed that a less active compound was 2'-O-(3"-hydroxy-
3""-methylglutaryl)-oxypencedanin hydrate, a compound
having a 3"-hydroxy-3"-methylglutaryl group attached to the
core prenylfuranocoumarin but with a C5 prenyl side chain
(Table S1), thus indicating that the chain length of the prenyl
group played some role in governing the bioactivity as well.
The analysis is shown in Fig. 6 of the ligand-protein contacts
through hydrogen bonding between simvastatin-protein 1HW9
and CH1-protein IHW9 using MD simulation. Both compounds
had stabilized forms in most of the trajectories and the encountered
complexes were more consistent with many crucial amino acid
residues. CH1 in the CH1-protein IHW9 complex interacted with
ASP-690 (98%), ASN-658 (95%) and ARG-590 (81%) through
hydrogen bridges and LYS-735 (51% and 47%, respectively)
and with HIS-752 (34%) through water bridges. Simvastatin
in the simvastatin-protein 1HW9 complex was consistent
with ASN-755 (92%), GLU-559 (82%), SER-684 (38%)
and ALA-751 (22%) through hydrogen bridges, while with
LYS-735 (41%) and GLU-559 (38%), it was through water bridges.
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Fig. 6 Ligand-protein contacts based on hydrogen bonding analysis
from molecular dynamic simulations of the protein IHW9 with a ligand:
(A) simvastatin; (B) 6’-O-(3""-hydroxy-3"'- methylglutaryl)-6',7'-
dihydroxybergamottin (CH1), where interactions not shown that occurred
in less than 22.0% of the simulation time in the selected trajectory
(0.00-100.00 ns)

Based on the in silico calculations, including molecular
docking and MD simulations, CH1 had comparable binding
affinity for the HMG-CoA reductase to the standard drug,
simvastatin. The MM/GBSA binding interaction of CH1
against the IHWO protein was slightly better than for simvastatin.

The analysis of the data obtained from the RMSF calculations
regarding the protein-ligand and ligand-protein interactions
revealed that the different compound structures had different
types and numbers of binding interactions.

Results based on three replicates, the in vitro HMGCR
inhibitory activity assay of the three isolates together with
simvastatin was performed using the HMG-CoA reductase
assay kit and their ICs, values are shown in Table 3. CH1 had
the highest inhibitory activity (ICs, 114.7 uM) among the three
compounds. However, none of the three inhibitory ICs, values
were as active as simvastatin (ICs, 0.72 pM). The discrepancy
between the in vitro evaluation and in silico results may have
been due partly to the limited solubility of the hydrophobic
compounds in the test buffer solution used.

Notably, another study by the current research team
(Youkwan et al., 2010) identified some isolated compounds,
in particular, 6',7'-dihydroxybergamottin, with in vitro
anticholinesterase activity (Table S3); however, the in silico
calculation has not yet been carried out. In the current study,
additional molecular docking calculations of galanthamine
and 6',7'-dihydroxy bergamottin (one of the most active
against an in vitro anti-butyrylcholinesterase assay showing
an ICs, value of 15.4 uM compared to galantamine, with
an 1Cy, value of 3.2 pM) were performed against
butyrylcholinesterase, BChE (PDB: 4BDS, 2.10 A)
(Cheung et al., 2012). Their binding energy and binding sites
are reported in comparison to the standard drug, galantamine
(Table S2 and Fig. S1.). An in silico calculation showed that
6',7'-dihydroxy-bergamottin bound to several key amino
acids in the BChE, rather similar to those in galantamine
(Fig. S2., Table S2). The current calculation results provided
additional data concerning the anti-butyrylcholinesterase
activity of 6',7'-dihydroxybergamottin and thus substantiated

Table 3 In vitro HMG-CoA reductase inhibitory activity and in silico binding scores of selected isolated compounds

Compound IC;, value 1Cs, value Activity ratio HMGCR Structure
(png/mL) (M) Docking score
6'-0-(3"-hydroxy-3"- 59.1+2.8 114.7 158.9 -93 2o %\)\v,\" .
methylglutaryl)-6',7'- o ] UL,
dihydroxybergamottin (CH1)
6',7'-dihydroxy-bergamottin 106.2 £ 1.1 285.4 395.5 -7.6 o §
OH

7 )

Citrusoside G 252.1+6.4 250.5 3472 94 . 9 on
o 3o L L,
\%{\OJUZ af;(}i’gﬁ\,\iofﬁ/“"]’ {J Iii/i

Simvastatin 0.30£0.01 0.72

1.0 7.4 oy

Activity ratio = ICsgumpie/ [Csosimyasainy HMGCR = HMG-CoA reductase
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the previous proposal that C. hystrix constituents may be used
to alleviate Alzheimer disease. The current study has provided
evidence that the plant may be a useful functional food plant
candidate for the treatment and alleviation of hyperglycemia
and Alzheimer disease.
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