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Introduction: Elevated plasma LDL cholesterol levels play a crucial role in
cardiovascular disease development. Squalene synthase (SQS), a regulatory
enzyme in cholesterol biosynthesis, is a target for controlling
hypercholesterolemia. Traditional medicine recommends Crataegus Azarolus
L. for heart-related conditions, including high blood pressure, irregular
heartbeat, and arteriosclerosis. Our research focuses on drug-
likeness/ADMET prediction and molecular docking studies of C. azarolus
constituents for cardiovascular disease prevention.

Materials & Methods: Chemical constituents of C. azarolus L. were selected
based on the squalene synthase co-crystal molecule (3ASX). After energy
optimization with Hyperchem, Auto Dock Vina facilitated ligand docking into
the SQS active site, providing data on binding methods and compound binding
energy. SwissADME and SCF Bio IITD webserver were used for in silico drug-
likeness/ADME predictions.

Results: Auto Dock Vina results and pharmacokinetic (PK) studies revealed
that 2,4-Di-tert-butylphenol exhibited the highest alignment with the
synthetic co-crystal molecule concerning position, binding energy, and
pharmacokinetic properties among herbal compounds.

Conclusion: Overall, 2,4-Di-tert-butylphenol demonstrated significant affinity
for squalene synthase, suggesting its potential to occupy the enzyme's active
site. This compound holds promise as a viable substitute for the synthetic co-
crystal molecule, pending laboratory confirmation.

Keywords: Squalene synthase, Drug-likeness, ADMET prediction, C. azarolus,
Docking study
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Introduction

The cardiovascular system, comprising
the heart and blood vessels, is integral
to human physiology. Unfortunately, a
spectrum of issues may afflict this
system, with cardiovascular diseases
(CVDs) emerging as a leading cause of
global morbidity and mortality,
affecting  both  developed and
developing nations. Identified risk
factors for CVDs include high blood
pressure, smoking, elevated
cholesterol levels, diabetes, physical
inactivity, obesity, family history, and
ethnic background (1-3).

Elevated plasma cholesterol
concentration stands out as a
fundamental risk factor for

cardiovascular diseases. The body's
cholesterol levels are influenced by
both diet and biosynthesis processes
(4, 5). Squalene, a crucial precursor in
the cholesterol biosynthetic pathway,
is produced by squalene synthase
(SQS, EC.2.5.1.21). SQS, a regulatory
enzyme located in the microsomal
membrane, catalyzes the conversion of
two farnesyl pyrophosphate (FPP)
molecules into squalene. Given its
pivotal role, SQS has become a target
for addressing hypercholesterolemia,
emphasizing the use of inhibitors to
modulate cholesterol metabolism (6-
8).

Plant-derived prescription  drugs,
known for their safety, constitute over
25% of medicinal compounds. Despite
this, only a small fraction of traditional
herbal medicines has undergone
scientific evaluation. Therefore,
comprehensive investigations,
including in silico, in vitro, and in vivo
studies, are crucial to validating the
medicinal efficacy of phytochemicals
(9, 10). Crataegus azarolus L., a
member of the Rosaceae family, is
prevalent in North America, Asia, and

Europe. Historically, its fruits have
been consumed as food and employed
in traditional medicine for treating
cardiovascular ailments (11,12).

Molecular docking, a theoretical
method, is employed to predict
binding energy and interactions
between macromolecules and small
molecules. In this study, a molecular
docking was utilized to elucidate the
interactions and binding modes of C.
azarolus's main chemical constituents
with squalene synthase, presenting
them as potential inhibitory drugs.

Furthermore, the drug-likeness
prediction and ADME properties of all
investigated compounds are

thoroughly examined (13-16).

Materials and Methods

Main Chemical Constituents selection
and preparation

The selection of main chemical
constituents from C. azarolus L. was
based on prior research findings (11,
17, 18). Compounds were chosen
according to the scaffold of the
squalene synthase co-crystal molecule
in 3ASX. The structures of selected
compounds were drawn using
ChemDraw Pro 8.0 software and
subsequently optimized for energy
using HyperChem Professional 8.

Target selection and preparation

Squalene synthase, a crucial enzyme in
cholesterol biosynthesis inhibition (4,
7), was designated as the target
macromolecule. The enzyme, sourced
from the protein data bank (PDB) with
properties including Accession code:
3ASX (19), Organism: Homo sapiens,
Mutation: No, Resolution: 2.00 A,
Sequence Length: 340, underwent
preparation by removing phosphate
ion (P0O4400),1-{4-[{4-chloro-2-[(2-
chlorophenyl) (hydroxy)methyl]pheny
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1}(2,2-dimethylpropyl)amino]-4-

oxobutanoyl}piperidine-3-carboxylic
acid (co-crystal molecule), and all
water molecules using Accelrys

Discovery Studio 3.5.

In silico docking protocol validation

Validation of the docking protocol was
conducted to ascertain the accuracy of
docking results, involving comparison
of the molecular interactions of the co-
crystal compound before and after
docking. Auto Dock Vina facilitated the
investigation of the ligand's binding
mode with the squalene synthase
active site, and the resulting docked
complexes were compared with 3ASX
in the PDB site.

Molecular docking studies

Molecular docking studies, crucial for
modeling ligand interactions with
target receptors (20, 21), followed the
validation stage. Ligands, previously
optimized for energy, underwent Auto
Dock Vina. The PDBQT format was
initially created for ligands, wherein
partial charges (Q) and atom types (T)
were determined. The most suitable
docking pose, determined through the
analysis of output files and different
conformations, exhibited the lowest
binding energy (AGbind) and root
mean square deviation (RMSD) (22).

ADME properties

The investigation of absorption,
distribution, metabolism, and

excretion (ADME) properties is vital
for pharmacodynamic analysis.
Ligands  demonstrating favorable
docking results were subjected to
ADME  property studies using
SwissADME (23).

Drug-likeness screening

Drug-likeness screening, employing
Lipinski’s Rule of Five (RO5), assessed
key  criteria for oral drug
administration. The online tool in SCF
Bio IITD webserver was utilized for
this purpose, with Isomeric SMILES as
the input sequence (24). The screening
criteria included: the number of
hydrogen bond donors < 5, molecular
weight < 500 g/mol, number of
hydrogen bond acceptors < 10,
calculated logP < 5, and Mol
Refractivity between 40 - 130.

Results
Main Chemical Constituents selection
and preparation

In accordance with the highly potent
squalene synthase inhibitor co-crystal
molecule structure (19), featuring two
cyclohexatriene moieties, tert-butyl,
and a hydroxyl group, compounds with
a higher concentration of these
moieties in the extract of C. azarolus L.
leaves were selected and optimized as
ligands. The name, molecular formula,
and chemical structure of the selected
compounds are presented in Table 1.

Table 1. Details of selected compounds in the present study - name, molecular formula, compound CID,

and chemical structure

Number Name

Molecular
formula

Compound
CID*

Chemical
structure
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beta-
1 C10H1204 75142
Hydroxypropiovanillone
2 4-0xo0-beta-isodamascol C13H2002 597350 \
3 Syringol CaHio0s 7041 "EEF‘
4 Isophytol C20H400 10453 Loy
3,4,5-Trimethoxybenzoic
5 C10H120s 8357
acid
6 2,4-Di-tert-butylphenol C14H2,0 7311 .-.‘5)(
/
7 8-Hydroxylinalool C10H1802 5280678 MA-'
8 Epoxylinalool C10H1502 22310 oL
WELL
10 cocrystal molecule CysHs4Cl,N,0s | 54669582 gV

#*CID: Compound Identifier, a unique identifier assigned to chemical compounds in the PubChem

database.

Color code: Red, gray, and green square represent oxygen, hydrogen, and chlorine atom respectively.

Target selection and preparation

The crystallized squalene synthase
(3ASX), as reported by

enzyme

Ichikawa and colleagues (19), was
retrieved from the protein data bank.
The sequence length of this crystal
structure comprised 340 amino acids
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in a single chain. Utilizing Discovery
software, the enzyme was visualized,
and unnecessary segments were
removed to facilitate and expedite

docking  calculations. The final
structure of squalene synthase is
depicted in Figure 1.

Figure 1. The final 3d structure of squalene synthase post-preparation. the protein chain is uniquely

composed of multiple alpha helices.

In silico docking protocol validation

Following scrutiny of the enzyme's
active site, the optimal grid center was
chosen with coordinates X = 17.711, Y
= -4.411, and Grid size: X =13.47,Y =
13.6, Z = 12.41. Re-docking results

demonstrated an overlap of the co-
crystal molecule in two states, both
before and after docking. The
conformation of the co-crystal
molecule in these two states within the
active site of squalene synthase is
illustrated in Figure 2.

Figure 2. Conformation of the co-crystal molecule in two states—before (yellow) and after (red)

docking—in the active site of squalene synthase.

Molecular docking studies

Post-protocol validation, a molecular
docking study was conducted to
ascertain the binding energy and
orientation of C. azarolus's main

compounds in the active site of
squalene synthase. Auto Dock Vina,
utilizing a Grid space of 0.375, was
employed for this purpose, given its
efficiency in accurately performing
docking between small molecules and
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macromolecules. The ligands' affinity
to the receptor, based on binding
energy, is detailed in Table 2. The
Discovery Studio Visualizer software

interaction types, including hydrogen
bonds, pi, and hydrophobic
interactions between compounds and
squalene synthase (Table 2).

facilitated

the

exploration

of

Table 2. Affinity, hydrogen-bonding residues, and hydrophobic interactions following docking of
selected compounds.

Comp Affinity Amino acids Amino acids in hydrophobic interactions
ounds | (kcal/mol) in h-bind
1 -5.89 Gly180 Val179,Leul83,Leu211,Tyr276,Met207
2 -6.55 Gly180 Val179,Leu183,Leu211,Phe54,Phe288,Pro292,GIn293,C
ys289,Met207
3 -5.01 - Cys286,Val179,Leul83,Leu211,Tyr276,Met207
4 -6.71 Gly208 Phe54,Leu76,Tyr73,Phe72,GIn293,Pro292,Val69,Phe28
8,Val179,Leu183,Leu211,Gly180
5 -5.28 [1e58,Val179,Leu183, Phe288,Phe72,Leu76
6 -7.02 Gly180, Ala176,Val179,Leul183, Phe54,Phe288,Pro292,
Gly208 Cys289,Met207,Leu211
7 -5.47 GIn293, Val179,Leu183,Leu211, Phe288,Pro292,Gly180
Gly208
8 -5.63 - Cys289, Leu183,Leu211, Met207, Gly180,Pro292,
Phe288
10 -8.13 Arg77 Phe54,Leu76, Pro292,Val179,Phe288,
Leul83,Leu211,Ala176,Val175

ADME properties and Drug-likeness

screening

Table 3 outlines the ADME properties
of all ligands. Compounds with a Total
Polar Surface Area (TPSA) less than
140 A? exhibit favorable membrane
permeability. Orally administered
drugs should have a LogP value of less

absorption. The impact of ligands on
cytochromes significantly influences
drug absorption and efficacy. Non-
inhibition of cytochrome indicates oral
consumption viability. Lipinski's Rule
of 5, evaluating hydrogen bond donors,
molecular weight, hydrogen bond
acceptors, logP, and molar refraction,
confirms the acceptable medicinal
properties of the selected compounds,

than 5 for high gastrointestinal as outlined in Table 3
Table 3. ADME properties and drug-likeness screening for selected compounds.
CN | MW | TPSA | LogP GI HBD | HBA CYP inhibitor Water Molar
Ab t Solubili fracti
R 1A2 | 2€19 | 2€9 | 2D6 | 3a4 | OO | refractio
ion n
1 [196.20|66.76 | 1.71 . 2 4 No | No | No | No | No Very 50.692
High
2 soluble
2 1208.30|37.30 | 2.28 | High 1 2 No | No | No | No | No Soluble 61.543
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1
3 |154.16|38.69 | 1.15 | High 1 3 No | No | No | No | No Very 41.211
5 soluble
4 |296.53|20.23 | 4.88 Low 1 1 No | No | Yes| No | No | Moderatel | 95.540
9 y soluble
5 1212.20|64.99 | 1.45 | High 1 4 No | No | No | No | No Soluble 53.057
6 |206.32]20.23 | 3.08 . 1 1 No | No | No | Yes| No | Moderatel | 65.50
High
9 y soluble
7 1170.25|40.46 | 1.72 | High 2 2 No | No | No | No | No Very 50.898
2 soluble
8 |170.25|29.46 | 2.43 | High 1 2 No | No | No | No | No Soluble 49.007
2
10 | 515 |98.15| 4.46 | High 0 7 No | No | No | Yes | Yes Poorly 111.89
soluble

CN: Chemical Number, MW: Molecular Weight (g/mol), TPSA: Topological polar surface area, logP:
lipophilicity factor, GI absorption: Gastrointestinal absorption, HBD: Hydrogen Bond Donor, HBA:
Hydrogen Bond Acceptor, CYP inhibitor: cytochrome P450 inhibitor, Molar refraction: corresponds to

the overall polarity of a molecule.

Discussion

Cardiovascular diseases pose a
significant public health challenge,
with elevated blood cholesterol

identified as a key risk factor (25, 26).
The relationship between total
cholesterol and cardiovascular events
underscores the importance of
strategies targeting LDL cholesterol
reduction, resulting in a substantial
decrease in cardiovascular mortality
(27). Given the pivotal role of squalene
synthase in cholesterol synthesis and
the consequential impact on
cholesterol levels, this study explored
the inhibitory effects of Crataegus
azarolus L's main chemical
constituents on squalene synthase
through an in silico approach.

The rising popularity of herbal
medicine, attributed to its minimal
side effects, has led to an increased use
of phytochemicals as alternatives to
conventional treatments. Crataegus sp.
has been extensively studied, revealing
its antioxidant properties, anti-
diabetic effects, endothelial protection,
anti-obesity impact, anti-inflammatory
activity, and cardiovascular disease

prevention potential. Previous
research by Rashidi et al. indicated
that Crataegus supplements reduced
cardiovascular disease risk factors in
heart failure patients (28). Wang et al.
demonstrated the beneficial effects of
Crataegus leaf extract in reducing
blood sugar levels in male rats (29).
Another study in 2015 illustrated
Crataegus's  ability to  reduce
triglyceride accumulation (29).

In alignment with Crataegus's benefits,
the main chemical constituents were
selected based on their similarity to
the co-crystal molecule, and in silico
drug-likeness, ADMET prediction, and
molecular docking studies were
conducted. All selected compounds
shared similarities with the co-crystal
molecule, featuring oxygen atoms in

ketone or hydroxyl groups.
Specifically, compounds like beta-
Hydroxypropiovanillone, Syringol,

3,4,5-Trimethoxybenzoic acid, and 2,4-
Di-tert-butylphenol exhibited a
cyclohexatriene moiety akin to the co-
crystal molecule.

The docking results revealed binding
energy values ranging from -5.01 to -
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7.02, with compound 6 exhibiting the
most negative energy level and highest
affinity, mirroring the structural
resemblance to the co-crystalized
ligand. The tert-butyl group in
compound 6 enhanced its
hydrophobicity, contributing  to
interactions with key amino acids in
squalene synthase. Notably,
interactions with amino acids such as
Phe54, Pro292, Vall79, Fhe288,
Leul83, Leu211, Alal76, and Vall175
were consistent with the co-crystal
molecule.

Comparisons with previous research
by Xiaoqian et al. (30) emphasized
similar interactions in squalene
synthase, reinforcing the validity of
our results. Pharmacokinetic
assessments using SwissADME and
adherence to Lipinski's rule indicated
that all compounds were suitable for
oral consumption.

Conclusion

The study highlights the exceptional
overlap of 2,4-Di-tert-butylphenol with
the co-crystal molecule, emphasizing
its potential as an effective inhibitor.
Herbal medicines, with their fewer
side effects, represent valuable
alternatives to synthetic drugs. Given
the herbal origin and promising results
of compound 6, further laboratory
investigations are warranted to
validate its potential as a therapeutic
agent.

References

1. Malakar AK, Choudhury D, Halder B, Paul
P, Uddin A, Chakraborty S. A review on
coronary artery disease, its risk factors,
and therapeutics. ] Cell Physiol.
2019;234(10):16812-23. doi:
10.1002/jcp.28350.

2. Ortega FB, Lavie C], Blair SN. Obesity,
Cardiovascular Disease. Circ Res. 2016
27;118(11):1752-70. doi:
10.1161/CIRCRESAHA.115.306883.

Acknowledgements

The authors express their sincere
gratitude to Dr. Afshin Fassihi for his
invaluable guidance and insightful
advice.  Special appreciation is
extended to all members of the Isfahan
Pharmaceutical Sciences Research
Center for their unwavering support
and encouragement throughout this
research endeavor.

Financial support

This research did not receive any
dedicated funding from public,
commercial, or non-profit sectors.

Conflict of Interests

The authors declare that they have no
conflicts of interest.

Authors’ Contributions

AA originated the research idea,
formulated the theory, and oversaw
project administration. AA conducted
computational analysis. AA, MA, and
FM collaborated on data collection,
manuscript writing, and editing. All
authors have reviewed and endorsed
the final manuscript.

3. Van der Kooy K, van Hout H, Marwijk H,
Marten H, Stehouwer C, Beekman A.
Depression and the risk for cardiovascular
diseases: systematic review and meta
analysis. Int | Geriatr Psychiatry. 2007
Jul;22(7):613-26. doi: 10.1002/gps.1723.

4. Huxley R, Lewington S, Clarke R.
Cholesterol, coronary heart disease and
stroke: a review of published evidence
from observational studies and
randomized controlled trials. Semin Vasc
Med. 2002;2(3):315-323. doi:10.1055/s-
2002-35402.


https://jbrms.medilam.ac.ir/article-1-776-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2025-12-05 ]

in silico cardiovascular insights from Crataegus Azarolus L.

70

5.

10.

11.

12.

13.

14.

Goldman RE, Parker DR, Eaton CB, Borkan
JM, Gramling R, Cover RT, et al. Patients'
perceptions of cholesterol, cardiovascular
disease risk, and risk communication
strategies. Ann Fam Med. 2006;4(3):205-
12. doi: 10.1370/afm.534.

Do R, Kiss RS, Gaudet D, Engert ]C.
Squalene synthase: a critical enzyme in
the cholesterol biosynthesis pathway. Clin
Genet. 2009;75(1):19-29.
doi:10.1111/j.1399-0004.2008.01099.x
Tansey TR, Shechter I. Structure and
regulation of mammalian squalene
synthase. Biochim Biophys  Acta.
2000;1529(1-3):49-62.
doi:10.1016/s1388-1981(00)00137-2
Tavridou A, Manolopoulos VG. EP2300
compounds: focusing on the
antiatherosclerotic properties of squalene
synthase inhibitors. Curr Pharm Des.
2009;15(27):3167-3178.
doi:10.2174/138161209789057968

Lee M, Shin H, Park M, Kim A, Cha S, Lee H.
Systems pharmacology approaches in
herbal medicine research: a brief review.
BMB Rep. 2022;55(9):417-428.
doi:10.5483/BMBRep.2022.55.9.102
Falzon CC, Balabanova A. Phytotherapy:
An Introduction to Herbal Medicine. Prim
Care. 2017;44(2):217-227.
doi:10.1016/j.pop.2017.02.001.

Yahyaoui A, Arfaoui MO, Rigane G, Hkir A,
Amari K, Ben Salem R, et al. Investigation
on the chemical composition and
antioxidant capacity of extracts from
Crataegus azarolus L.: effect of growing
location of an important Tunisian
medicinal plant. Chem Afr.2019;2:361-5.
doi: https://doi.org/10.1007 /s42250-
019-00054-1.

Khiari S, Boussaid M, Messaoud C. Genetic
diversity and population structure in
natural populations of Tunisian Azarole
(Crataegus azarolus L. var. aronia L.)
assessed by microsatellite markers.
Biochem Syst Ecol. 2015;59:264-70. doi:
10.1016/j.bse.2015.01.025.

Asadzadeh A, Abbasi M, Pournuroz Nodeh
Z, Mahmoudi F. Studying the inhibitory
effects of some chalcone derivatives on
Streptococcus mutans sortase a to prevent
dental caries: An in silico approach.
Avicenna ] Clin Microbiol Infect. 2023;
10(1):13-19.
doi:10.34172/ajcmi.2023.3433

Rahnama Falavarjani S, Asadzadeh A,
Heidarian Naini F. Bioinformatic studies of
the effect of thymus wvulgaris on alpha-
glucosidase enzyme inhibition for treating
diabetes. ijdld. 2019;18(1):19-28.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Asadzadeh A, Fassihi A, Yaghmaei P,
Pourfarzam M. In silico approach for
designing potent inhibitors against
tyrosinase. Biosci Biotechnol Res Asia.
2015;12(2):181-7. doi:
10.13005/bbra/2188.

Naderi Kotaki M, Asadzadeh A, Heidaryan
F. study the effect of thymus vulgaris in
inhibiting acetylcholinesterase enzyme in
order to treat Alzheimer’s disease. JSUMS.
2020;27(5):594-602.

Kallassy H, Fayyad-Kazan M, Makki R, El-
Makhour Y, Hamade E, Rammal H, et al.
Chemical Composition, Antioxidant, Anti-
Inflammatory, and  Antiproliferative
Activities of the Plant Lebanese Crataegus
Azarolus L. Med Sci Monit Basic Res.
2017;23:270-284.
do0i:10.12659/msmbr.905066.
Bahri-Sahloul R, Ammar S, Grec S,
Harzallah-Skhiri F. Chemical
characterisation of Crataegus azarolus L.
fruit from 14 genotypes found in Tunisia. ]
Hortic Sci Biotechnol. 2009;84(1):23-8.
doi: 10.1080/14620316.2009.11512474.
Ichikawa M, Yokomizo A, Itoh M, Usui H,
Shimizu H, Suzuki M, et al. Discovery of a
new 2-aminobenzhydrol template for
highly = potent squalene  synthase
inhibitors. Bioorg Med Chem.
2011;19(6):1930-1949.
doi:10.1016/j.bmc.2011.01.065

Shams Moattar F, Asadzadeh A, Esnaashari
F. Designing Multi-Epitope  Subunit
Vaccine Candidate for Zika Virus Utilizing
In silico Tools. Res Mol Med.
2022;10(1):9-18.
doi:10.32598/rmm.10.1.1249.1.

Shojaei Barjouei M, Norouzi S, Bernoos P,
Mokhtari K, Asadzadeh A. Comparison of
the Inhibitory Activity of Bioactive
Compounds of Salvia Officinalis with
Antidiabetic Drugs, Voglibose and Miglitol,
In Suppression of Alpha-Glucosidase
Enzyme by In Silico Method. ijdld.
2022;22(3):145-54.

Trott O, Olson A]. AutoDock Vina:
improving the speed and accuracy of
docking with a new scoring function,
efficient optimization, and multithreading.
] Comput Chem. 2010;31(2):455-461.
doi:10.1002/jcc.21334.

Daina A, Michielin O, Zoete V. SwissADME:
a free web tool to evaluate
pharmacokinetics,  drug-likeness and
medicinal chemistry friendliness of small
molecules. Sci Rep. 2017;7:42717.
d0i:10.1038/srep42717.

Lipinski CA. Lead- and drug-like
compounds: the rule-of-five revolution.


https://jbrms.medilam.ac.ir/article-1-776-en.html

[ Downloaded from jbrms.medilam.ac.ir on 2025-12-05 ]

25.

26.

27.

28.

29.

30.

Drug Discov Today Technol.
2004;1(4):337-341.
doi:10.1016/j.ddtec.2004.11.007.

Briel M, Ferreira-Gonzalez 1, You ]JJ,
Karanicolas PJ, Akl EA, Wu P, et al
Association between change in high
density lipoprotein cholesterol and
cardiovascular disease morbidity and
mortality: systematic review and meta-
regression analysis. BM]. 2009;338:b92.
doi:10.1136/bm;j.b92.

Cannon B. Cardiovascular disease:
Biochemistry to behaviour. Nature.
2013;493(7434):S2-S3.
doi:10.1038/493S2a.

Nelson RH. Hyperlipidemia as a risk factor
for cardiovascular disease. Prim Care.
2013;40(1):195-211.
doi:10.1016/j.pop.2012.11.003.

Rashidi H, Tahmasebi W, Khalili M,
Ahmadi R. Simultaneous effect of one-
month crataegus supplementation and
rehabilitation  program on cardiac
contractile strength, blood pressure, heart
rate and functional capacity of patients
with heart failure. ] basic clin
pathophysiol.  2020;8(2):28-36.  doi:
10.22070/JBCP.2020.5629.1134.

Wang T, An Y, Zhao C, Han L, Boakye-
Yiadom M, Wang W, et al. Regulation
effects of Crataegus pinnatifida leaf on
glucose and lipids metabolism. ] Agric
Food Chem. 2011;59(9):4987-94. doi:
10.1021/jf1049062.

Huo X, Lu F, Qiao L, Li G, Zhang Y. A
Component Formula of Chinese Medicine
for Hypercholesterolemia Based on Virtual
Screening and Biology Network. Evid
Based Complement Alternat Med.
2018;2018:1854972. doi:
10.1155/2018/1854972.

71

in silico cardiovascular insights from Crataegus Azarolus L.



https://jbrms.medilam.ac.ir/article-1-776-en.html
http://www.tcpdf.org

