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Abstract: Cholesterol plays an important role in living cells. However, a very high level of
cholesterol may lead to atherosclerosis. HMG-CoA (3-hydroxy-3-methylglutaryl coenzyme A)
reductase is the key enzyme in the cholesterol biosynthesis pathway, and the statin-like drugs
are inhibitors of human HMG-CoA reductase (hHMGR). The present study aimed to virtually
screen for potential h(HMGR inhibitors from natural product to discover hypolipidemic drug
candidates with fewer side effects and lesser toxicities. We used the 3D structure IHWK from
the PDB (Protein Data Bank) database of hHMGR as the target to screen for the strongly
bound compounds from the traditional Chinese medicine database. Many interesting molecules
including polyphenolic compounds, polisubstituted heterocyclics, and linear lipophilic alcohols
were identified and their ADMET (absorption, disrtibution, metabolism, excretion, toxicity)
properties were predicted. Finally, four compounds were obtained for the in vitro validation
experiments. The results indicated that curcumin and salvianolic acid C can effectively inhibit
hHMGR, with IC,; (half maximal inhibitory concentration) values of 4.3 uM and 8 UM,
respectively. The present study also demonstrated the feasibility of discovering new drug
candidates through structure-based virtual screening.
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Introduction
Cholesterol plays an important role in living cells, serving as a cell membrane
structural component and as a precursor of vitamin D, bile acids, and many hormones.
Approximately 70% of the total cholesterol in human body arises from endogenous
biosynthesis, and the remainder is provided in the diet.! Epidemiological studies have
shown a positive relationship between total cholesterol concentrations and mortality
from coronary heart disease. For people with very high cholesterol, diet alone is no
longer sufficient to achieve the desired level of low-density lipoprotein (LDL), and
medications that reduce cholesterol production or absorption are usually required.?
The mevalonate pathway is responsible for the endogenous synthesis of choles-
terol. Human HMG-CoA reductase (hHMGR) is a transmembrane glycoprotein that
is 888 amino acids long, which catalyzes the reaction that converts HMG-CoA to
mevalonate. Its first 339 residues comprise the membrane anchor domain located in the
endoplasmic reticulum, followed by a linker region between residues 340 and 449, and
the catalytic domain, between residues 450 and 883, which resides in the cytoplasm.?
Because hHMGR is the key enzyme in the cholesterol biosynthesis pathway, it has
been considered a major target for the treatment of hypercholesterolemia. Based on
the criteria of inhibition of hHMGR activity, many cholesterol-lowering drugs such as
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statins have been developed, and their efficacies in control-
ling blood cholesterol levels have been well recognized.>*

However, h(HMGR also catalyzes the biosynthesis
of many nonsterol isoprenoids essential for normal cell
functions.® Therefore, the widely prescribed hHMGR
inhibitor drugs also cause severe adverse effects, such as
distal muscle weakness, headache, and acute renal failure.
Side effects, such as hepatic transaminase elevation, sensory
disturbances, and depression, have also been observed on
prolonged use.’ Instead of taking chemical drugs, many
people today prefer natural products or alternative medicine
mainly due to the beliefs that natural products are safer and
cheaper.® In addition, lovastatin, one of the currently used
statin drugs, was originally found in food such as red yeast
rice. Many other traditional Chinese medicines have also
been demonstrated to be good alternatives to statin therapy
due to their effectiveness and safety.” Therefore, the present
study aimed to identify safer and novel hHHMGR inhibitors
from the ingredients originally in herbs, vegetables, and
fruits.®® We selected the 3D structure of hHMGR (IHWK
from PDB [Protein Data Bank]) as the target and virtually
screened the Traditional Chinese Medicine (TCM) database
for tightly bound compounds, using the molecular modeling
tool. The ADMET (absorption, distribution, metabolism,
excretion and toxicity) properties of high-ranking com-
pounds were further evaluated to eliminate those unfavorable
compounds. Meanwhile, we have cloned, overexpressed,
and purified the h(HMGR to perform enzyme activity assay
experiments.

Materials and methods

Bacterial strains and materials

The bacterial strains used in the present study include:
E. coli strain DH50. (fhuA2 A(argF-lacZ)U169 phoA glnV44
®80 A(lacZ)M15 gyrA96 recAl relAl endAl thi-1 hsdR17)
for molecular cloning and E. coli strain BL21 Star™ (DE3):
F-ompT hsdSB (rB-mB~) gal dem rnel31) for over-expression
of the cloned genes. Vector pET28a and E. coli strains were
obtained from Invitrogen (Waltham, MA, USA). Curcumin,
atorvastatin, docosanol, and folic acid were purchased from
Sigma-Aldrich (St Louis, MO, USA), salvianolic acid C (Sal C)
was purchased from ApexBio (Hsinchu, Taiwan).

Molecular docking and analysis of ligand—
protein interactions

The 3D structure PDB THWK'" of hHMGR was cho-
sen as the molecular target and obtained from the PDB
(http://www.rcsb.org/pdb). The tetrameric structure

contains the catalytic domains of hHHMGR (subunit
A: Pro442—His861; B: Ser463—Gly860; C: Leud62—Gly860;
D: Ser463—Gly860) complexed with four atorvastatin
molecules at the interfaces of two adjacent monomers.'
After removing unnecessary ligands, we kept two adjacent
monomers of h(HMGR, fixed with the force-field CHARMM
(Chemistry at HARvard Macromolecular Mechanics)
equipped in DS 3.5 (http://accelrys.com/products/discovery-

studio) to add up the hydrogen atoms, partial charges, and
missing residues so that the structure can be used properly for
molecular docking processes. The ligand-binding sites were
predicted by estimating the receptor cavities or the active sites
from PDB site records, using the tools of DS 3.5.!:12

The TCM database (http://tcm.cmu.edu.tw/) was used
as the small molecule resource and screened using the

LigandFit software of DS 3.5 (Accelrys Software Inc., San
Diego, CA, USA), which provides a shape-based method
for accurately docking ligands into the protein-binding
sites.'>'* The ligand—protein ((HMGR) interactions were
further analyzed using the view interaction tools provided
by DS 4.0 visualizer (Accelrys Software Inc., San Diego,
CA, USA).

ADMET prediction

The ADMET properties of the drug candidates are very criti-
cal in drug development. Therefore, we decided to estimate
the ADMET properties of the virtually selected compounds
before performing the costly experimental assays. The predic-
tions were performed by using the web server DSSTox (http://
www.epa.gov/ncct/dsstox/) and DS 3.5 ADMET Descriptor
software.”® The DSSTox is a project of US Environmental

Protection Agency, trying to build a public data foundation
for improved structure-activity and predictive toxicology
capabilities. The ADMET Descriptors of DS 3.5 includes
models for intestinal absorption, aqueous solubility, blood—
brain barrier penetration, plasma protein binding, cytochrome
P450 2D6 inhibition, and hepatotoxicity. With these advanced
prediction tools, those docked candidates with undesirable
chemical groups can be filtered out earlier.!”

Preparation and enzymatic assay of the
recombinant hHMGR

The gene cloning, overexpression of the cloned genes, and
protein purification were performed as described previ-
ously.'®* The HMG-CoA reductase-dependent oxidation of
NADPH was measured to assess the h(HMGR activities.'®!”
Protein concentration was determined by the Bradford
method.!®
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MTT assay

The potential cellular toxicity of the selected compounds
on HepG?2 cells was assessed by the MTT method.'*?° The
MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyltetrazolium
bromide) assay is based on the conversion of MTT into for-
mazan crystals by the living cells. HepG2 cells were cultured
in a 96-well culture plate (1x10° cell/mL) for 24 h at 37°C
in atmosphere of 5% CO,. The cultures were treated with
different concentrations of the selected compounds for 24 h.
The supernatants were then removed, and MTT (2.5 mg/mL)
was added and incubated for an additional 4 h. The purple
formazan crystals developed by the action of mitochondrial
succinate dehydrogenase were extracted into DMSO. The
optical density (OD_,,
timode enzyme linked immuno-sorbent assay Plate Reader
(PerkinElmer, Waltham, MA, USA).

) was measured using an EnSpire Mul-

Results and discussion
Virtual screening for human HMG-CoA

reductase inhibitors

The 3D structure of hHMGR (PDB 1HWK) was chosen as
the molecular target of the present study. It is a tetramer
of hHMGR proteins complexed with four atorvastatin
molecules that are located at the interfaces between two
adjacent monomers (Figure 1A and B). As shown in
Figure 1C and D, the binding site was surrounded by the
key residues Arg A590, Ser A661, Val A683, Ser A684,
Asp A690, and Lys A691 from the subunit A (red); Glu
B559, Cys B561, Leu B562, Ala B564, Ser B565, His
B752, Lys B735, Asn B755, Leu B853, and Ala B856
from the subunit B (green) of the two adjacent hHMGR
monomers.' To facilitate the docking process, the bind-
ing sites were identified by using the tools of DS 3.5,
either based on the cavities of the receptor or through the
PDB site record (Figure 1C). To evaluate the feasibility
of docking parameters, we selected five known statin-
like molecules with known IC, (half maximal inhibitory
concentration) values against h(HMGR (Figure 2) as a test
kit. As shown in Table 1, they were successfully docked
into the receptor-binding site with good docking scores,
confirming that the -PMF (potential of mean force) scoring
function is more feasible and the docking parameters were
set properly. Then we went on to screen the TCM database
(containing approximately 30,000 pure compounds) and
found that only 4,099 received docking scores. Among
them, 561 compounds exhibited -PMF scores higher than
70, comparable with the scores of the known statins.

Selection of candidate compounds after
ADMET predictions

Since one of the primary factors that cause drug attrition is
the poor ADMET properties, the 278 compounds with higher
docking scores were evaluated in silico using the DSSTox
and the ADMET prediction tools of DS 3.5. These predic-
tions were based on certain animal and cell models and the
results serve as a good reference before performing further
experiments. Surprisingly, among the 278 compounds, only
51 compounds received favorable ADMET characteristics,
indicating that they are both nonmutagenic and noncarci-
nogenic (data not shown, Table S1). Taking together the
ADMET predictions and —PMF scores, ten compounds were
chosen for further analysis. The ten compounds include:
1) Sal C, 2) quercetin-3-0O-(6"-malonyl) glucoside,
3) curcumin, 4) ampelopsisin, 5) epigallocatechin-3-gallate,
6) Z-ligustilide-SGla, 7) tenellin, 8) docosanol, 9) tetraco-
sanol, and 10) folic acid. As shown in Table 2, they have
similar molecular weights (MWs), but their -PMF scores
span a wide range (from 70 up to 146), and their physico-
chemical properties are varied. The ADMET predictions of
the ten selected compounds and the six statin molecules
have been included in the supplementary materials. Quite
different from the statins which carry a side chain similar to
HMG-CoA, the ten compounds display a wide spectrum of
structural features (Figure 3). Among them, compounds 1-5
possess polyphenolic moieties; compounds 1, 2, 6, and 10
are carboxylic acids with various heterocyclic branches.
Policosanols, the long-chain alcohols, such as compounds 8
and 9 are also included.

These ten compounds are all from very popular herbs
and plants. As listed in Table 3, Sal C (compound 1) is from
Salvia miltiorrhiza (also known as red sage, Dan-Shen), an
extremely valued traditional Chinese medicine; Z-ligustilide-
SGla (compound 6) is from Angelica sinensis (commonly
known as Dong-Quai or female ginseng), and is also a
very popular traditional Chinese medicine. The rest are
from very common food plants. Among them, curcumin
(compound 3) is from Curcuma longa (a ginger family
plant); epigallocatechin-3-gallate (compound 5) is a major
polyphenol in green tea leaf and has been shown to have
anti-inflammatory, anticancer, and antisteatotic effects on
the liver.?! It is amazing to realize that so many ingredients
with potential medicinal benefits are contained in diary food,
herbs, and plants. Therefore, we can anticipate that their
adverse effects could be much less and that they have very
high potential to become health-improving agents.
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Figure | Identification of the ligand-binding sites of (HMGR.

Notes: (A) The tetrameric structure of h(HMGR (PDB | HWK). (B) The dimeric hHMGRs displaying subunit A (red), subunit B (green), and atorvastatin (yellow). (C) The active

site from PDB site record. (D) Analysis of the ligand—receptor interactions.
Abbreviations: RHHMGR, human HMG-CoA reductase; PDB, Protein Data Bank.

Inhibitory effects of the selected
compounds on hHMGR activities

and their potential cellular toxicities
The catalytic fragment of the hHMGR protein was cloned,
overexpressed, and purified as described in the “Materials

and methods” section.'® The hHMGR enzymatic activities
were assessed by measuring the dependent oxidation of
NAPDH."” Using the data from the Lineweaver—Burk plot,
it was found that the K value of the recombinant hHMGR
was 103.4 uM, the V. was 10.1 uM NADPH/min/mg, under
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Figure 2 The 2D structures of the known statin molecules and their IC; values against h(HMGR.
Abbreviations: 2D, two dimensional; (HMGR, human HMG-CoA reductase; IC,, half maximal inhibitory concentration.

the experimental conditions. These values are comparable to
the literature database on HMG-CoA-dependent oxidation
of NADPH or radioisotope method.!”-?>?3

After evaluating the docking scores, accessibility, and
known functions of the ten compounds, we were left with
salvinolic acid C (compound 1), curcumin (compound 3),
docosanol (compound 8), and folic acid (compound 10)
for further experimental assays. As shown in Figure 4,
the results indicated that Sal C, curcumin, and docosanol,
can effectively inhibit h(HMGR activities. However, folic
acid was found to have no inhibitory capability. The IC_,
of Sal C, curcumin, and docosanol upon hHMGR activi-
ties were further determined to be approximately 8 UM,
4.3 uM, and 250 uM, respectively. These values are much
weaker than those of statins which have IC, values in the
nM ranges.

The potential cytotoxic effects of Sal C, curcumin, and
docosanol on HepG2 cells were then examined by the MTT
assay. As shown in Figure 5, atorvastatin, such a well-known

hypocholesterolemic drug, exhibited a pronounced concen-
tration-dependent cytotoxicity effect (CC,, [50% cytotoxic
concentration] near 100 uM). Curcumin retarded the HepG2
growth rate even more effectively (CC, near 42 uM).** On
the other hand, Sal C was found to have no cytotoxic effect
under the testing concentration range, and even enhanced
the cell viability slightly, while docosanol had a milder
cytotoxic effect.

These four compounds not only have very different struc-
tural scaffolds, but also possess many interesting known phar-
maceutical activities. The dried root of Salvia miltiorrhiza,
is currently receiving worldwide attention for its potential to
prevent and treat cardiovascular diseases.”® Phytochemical
and pharmacological investigations have revealed that both
salvianolic acids and tanshinones are responsible for the
bioactive effects.?® Among them, salvianolic acid A (Sal A)
and salvianolic acid B (Sal B) have been found to have potent
antioxidative capabilities; however, the bioactivity of Sal C
remains unknown.?® Curcumin received even more attention

Table | The docking scores, basic properties, and IC, | of the known statins

Statins Formula -PMF DOCK MW x Log P IC,, (nM)
Atorvastatin C,,H,FN,O, 87 54 558 5.0 8
Cerivastatin C,H,,FNO, 84 62 459 3.6 10
Simvastatin C,H,.0; 78 42 411 4.7 Il
Mevastatin C,H,,0, 73 43 390 39 23
Fluvastatin C,H,FNO, 71 60 411 35 28

Abbreviations: IC,;, half maximal inhibitory concentration; MWV, molecular weight; -PMF, potential of mean force; x Log P, predicted octanol/water distribution.
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Table 2 The docking scores, physicochemical properties, and the
number of hydrogen bonds between the selected ten compounds
and hHMGR

Compound -PMF DOCK MW xLogP HBD HBA H-bond*
number

| 146.0 81.0 4924 4.1 6 10 3
2 1388 77.0 5484 0.1 8 14 2
3 129.0 63.0 3683 32 2 6 2
4 117.9 73.0 496.4 0.3 7 12 2
5 114.6 707 458.0 1.2 8 I 2
6 110.7 66.6 486.5 2.3 7 I |
7 103.3 744 3694 38 3 6 2
8 983 440 326.6 838 | | |
9 886 350 3546 93 | | |
10 745 1319 4413 -0.2 6 9 |

Note: *Potential H-bond between the compound and hHHMGR.

Abbreviations: HBA, hydrogen bond acceptor; HBD, hydrogen bond donor;
hHMGR, human HMG-CoA reductase; MW, molecular weight; -PMF, potential of
mean force; x Log P, predicted octanol/water distribution.

because of its accessibility and its many functions such as
obesity prevention, clearance of free radicals, improve-
ment of retinal function, anti-inflammatory properties, and
reduction of tumor proliferation and invasion.”’*° A recent
report also suggested that long-term curcumin treatment can
lower the plasma and hepatic cholesterol levels and suppress
early atherosclerotic lesions (comparable to the protective
effects of lovastatin), but nothing was known about its action
mechanism.?! Policosanols, which include a mixture of long-
chain primary alcohols, have also been shown to decrease
serum cholesterol in animals and in humans. However, both
the suppression mechanism and the active components of

policosanols are still ambiguous.* Now, the present studies
demonstrated clearly that Sal C, curcumin, and docosanol
possess a new function as effective inhibitors against
hHMGR. However, one should be aware that hHMGR is a
highly regulated enzyme. Transcription and translation of
hHMGR increase when the concentrations of products of
the mevalonate pathway are low. Conversely, when sterol
concentrations are high, the intracellular h(HMGR concen-
tration decreases rapidly.**3* Therefore, the overall clinical
outcomes of these potential hypocholestermeric agents
demand thorough investigations.

Analysis of the ligand—receptor

interactions

The detailed ligand—protein interactions of the four compounds
can be further analyzed through the view interaction tools DS 4.0.
Using Sal C as an example (Figure 6), it was predicted that Sal
C fits well in the interface between the two subunits, quite simi-
lar to the site occupied by atorvastatin. As shown in Figure 6C
and D, its interactions with hHMGR include residues from
subunit A (green) and subunit B (red), potentially forming
H-bond with Ser B661, Ala A751, Lys B692, and Lys A735.
Others are mainly hydrophobic interactions and van der Waals
interactions. Basically, the ligand—protein interaction analysis
revealed that these molecules occupy similar binding sites
as the normal substrate (HMG-CoA) in the catalytic domain
and may form hydrogen bonds, electrostatic interactions, and
hydrophobic interactions with the residues at the binding site

Table 3 The plant origins and IUPAC names of the selected ten compounds

Compound Plant origin

IUPAC name

. Salvianolic acid C (C,H, O, ) Salvia miltiorrhiza (dan shen);

root and whole plant

2. Quercetin-3-0-(6'malonyl) Morus alba L. (mulberry);
glucoside ( C,,H,,0 /) leaf

3. Curcumin (C, H, O, Curcuma longa (turmeric);

whole plant

Ampelopsis chaffanjoni

(Vitaceae); fruit

Camellia sinensis (green tea

4. Ampelopsisin (C,;H,.O ,)

5. Epigallocatechin-3-gallate
(CZZHIHOI I)

6. Z-ligustilide-SG la
(C22H3|N3OSS)

7. Tenellin (C, H,,NO,)

217 23

plant); leaf

Angelica sinensis (dong quai);
root and whole plant
Bombyx batryticatus (jiang
can); whole plant

8. Docosanol (C,H,O) Saccharum arundinaceum
(sugarcane); skin
9. Tetracosanol (C,H, O) Saccharum arundinaceum

(sugarcane); skin
Hippophae goniocarpa (sea-
buckthorn); fruit

10. Folic acid (C ;H,,N,O,)

(2R)-3-(3,4-dihydroxyphenyl)-2-[(E)-3-[2-(3,4-dihydroxyphenyl)-
7-hydroxy- | -benzofuran-4-yl]prop-2-enoyl] oxypropanoic acid
3-[[(2R,3S5,4S,5R,65)-6-[2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-4-
oxochromen-3-yl]oxy-3,4,5-trihydroxyoxan-2-ylJmethoxy]-
3-oxopropanoic acid
(IE,6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)- 1,6-heptadiene-3,
5-dione

[(2R,3S5,4R,5R,6S)-3,4,5-trihydroxy-6-[4-(| -hydroxypropan-2-yl)-2-
methoxyphenoxy]oxan2-yl] methyl 3,4,5-trihydroxybenzoate
cis-3,3,4',5,5",7-Hexahydroxy-flavane-3-gallate, (-)-cis-2-(3,4,5-
trihydroxyphenyl)-3,4-dihydro- 1 (2H)-benzopyran-3,5,7-triol 3-gallate
| (3H)-isobenzofuranone, 3-butylidene

3-[(2E,4E)-4,6-dimethyl-2,4-octadienoyl]- | ,4-dihydroxy-5-(4-
hydroxyphenyl)-2(IH)pyridinone
Docosan-1-ol

Tetracosan-|-ol

(25)-2-[(4-{[(2-amino-4-hydroxypteridin-6-yl)methyl] amino} phenyl)
formamido] pentanedioic acid

Abbreviation: IUPAC, International Union of Pure and Applied Chemistry.
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Figure 4 Inhibition on hHHMGR enzyme activities by (A) salvianolic acid C, (B) curcumin, and (C) docosanol.

Abbreviation: hHHMGR, human HMG-CoA reductase.
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Figure 5 Potential cytotoxic activities of the selected compounds: salvianolic acid C
(gray), curcumin (blank column), and docosanol (horizontal lines).
Note: Atorvastatin (black) was used as the positive control.

of hHMGR (The ligand—receptor interactions of curcumin and
docosanol are shown in Figure S1).

However, it is rather difficult to explain the fact that ator-
vaststin received relatively lower docking scores, but exhibited
much higher inhibitory capability against hHHMGR. It could be
attributed partially to the limit of the docking tool, especially
in the present study, and the location of the binding site at the
interface between the two monomers of hHHMGR. Of course,
other factors such as the importance of the HMG-CoA-like
moiety on atorvastatin, the natural physical properties such
as hydrophobicity and solubility of these inhibitors while
performing the experiments, should not be ignored.

Conclusion

Aging-associated syndromes, such as heart disease, stroke,
cancer, diabetes, and arthritis, have been identified as the
common and costly health problems in the 21st century.®
The current consensus is that many aging-associated diseases
are preventable. Apart from changing lifestyle, exercise, and
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Figure 6 The ligand—protein interaction analyses of salvianolic acid C with hHHMGR.
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Notes: (A) The overall ribbon structure. (B) The 3D hydrophobicity surface plot at the binding site. (C) The interaction analyses in 2D. (D) The predicted H-bonds between

the ligand and the nearby binding site residues.

Abbreviations: 2D, two dimensional; 3D, three dimensional; RHMGR, human HMG-CoA reductase.

nutrition improvement, the contribution of complementary
medicines such as dairy products still deserves more investi-
gations. In the present study, we have shown that combining
high-throughput virtual screening and in vitro/in vivo valida-
tion experiments can be an efficient strategy to discover new
drug candidates and to confirm their action mechanisms simul-
taneously. Through limited trials, we have identified many
novel natural candidates with very unique structural features.
We have also demonstrated that Sal C, curcumin, and doco-
sanol could be potential agents to treat hypercholesterolemia.
Furthermore, convincing evidence from both in vitro and in
vivo data has demonstrated that statins exert pleiotropic actions
beyond their lipid-lowering effects, including cancer preven-
tion.** HMG-CoA reductase inhibitors were found to induce
lymphoma-cell apoptosis by increasing intracellular ROS gen-
eration and p38 activation and suppressing activation of Akt
and Erk pathways, through inhibition of metabolic products

of the HMG-CoA reductase reaction including mevalonate,
farnesyl pyrophosphate, and geranylgeranyl pyrophosphate.*’
Therefore, one can speculate that the hHHMGR inhibitors found
in the present work may also possess similar anticancer activi-
ties. The therapeutic benefits of many dietary constituents of
plant origin should be the focus of further studies, and many
challenges are still ahead.3%%
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Supplementary materials

Table S| ADMET predictions of the ten selected compounds and statins

Compound name? -PMF A Dc M E° T-Hf
| 146 3 very low 2 yes, low 4 undefined 0 noninhibitor | binding is >90% 0 N-T
2 138.8 3 very low 2 yes, low 4 undefined 0 noninhibitor 0 binding is <90% 0 N-T
3 129 3 very low 3 yes, good 4 undefined 0 noninhibitor 0 binding is <90% 0 N-T
4 117.9 3 very low 3 yes, good 4 undefined 0 noninhibitor 0 binding is <90% 0 N-T
5 114.6 3 very low I no, low 4 undefined 0 noninhibitor 0 binding is <90% ON-T
6 110.7 0 good 3 yes, good 4 undefined 0 noninhibitor 0 binding is <90% 0 N-T
7 103.3 0 good 3 yes, good 4 undefined 0 noninhibitor | binding is >90% 0 N-T
8 98.3 3 very low | no, low 4 undefined | inhibitor 2 binding is >95% 0 N-T
9 88.6 3 very low | no, low 4 undefined | inhibitor 2 binding is >95% 0 N-T
10 74.5 3 very low 3 yes, good 4 undefined 0 noninhibitor 0 binding is <90% 0 N-T
A 87 2 low 2 yes, low 4 undefined 0 noninhibitor 2 binding is >95% 1T

C 84 0 good 2 yes, low 4 undefined 0 noninhibitor | binding is >90% I'T

S 78 0 good 2 yes, low I high 0 noninhibitor | binding is >90% 0 N-T
M 73 0 good 2 yes, low 2 medium 0 noninhibitor | binding is >90% I'T

F 71 0 good 2 yes, low 2 medium 0 noninhibitor 0 binding is <90% 0 N-T

Notes: “The following numerals and alphabets represent: |, salvianolic acid C; 2, quercetin-3-O-(6"-malonyl) glucoside; 3, curcumin; 4, ampelopsisin; 5, epigallocatechin-3-
gallate; 6, Z-ligustilide-SGa; 7, tenellin; 8, docosanol; 9, tetracosanol; 10, folic acid; A, atorvastatin; C, cerivastatin; S, simvastatin; M, mevastatin; F, fluvastatin. *Absorption:
intestinal absorption. ‘Distribution: aqueous solubility blood—brain barrier penetration. ‘Metabolism: YPA2D6. Excretion: plasma protein binding; Toxicity: hepatotoxicity.

Abbreviation: ADMET, absorption, distribution, metabolism, excretion, toxicity; N-T, nontoxic.

Figure S1 (Continued)

Curcumin

B Hydrophobicity
3.00 -
pA)
1.00
0.00
-1.00
-2.00
-3.00

"Arg568

Drug Design, Development and Therapy 2015:9

submit your manuscript

Dove

3323


www.dovepress.com
www.dovepress.com
www.dovepress.com

Lin et al

Dove

Docosanol

ALA
LYs A751 GLU
B:692 A:559

LYs

ARG q_ - 20—H B:691 MET
SR 4 Hs  BesT
/! A:752
/ LEU
Lys / ; VAL
hizas) (o L (SER) 4853 B:683
A755 ASP LEU
o B:684
8:690 A:857

Hydrophobicity
3.00
2.00
1.00
0.00!
-1.00
-2.00
-3.00

Figure S| The ligand—protein interaction analyses of the selected compounds (curcumin and docosanol) with hHHMGR.

Notes: (A) The overall ribbon structure. (B) The 3D hydrophobicity surface plot at the binding site. (C) The interaction analyses in 2D. (D) The predicted H-bonds between
the ligand and the nearby binding site residues.

Abbreviations: 2D, two dimensional; 3D, three dimensional; RHMGR, human HMG-CoA reductase.
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