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ABSTRACT
Aim:Aim: Cholesterol is required for cellular metabolism and steroid hormone production. However, the 
excessive level leads to the condition known as hypercholesterolemia, which causes cardiovascular 
illnesses. A number of drugs can lower blood cholesterol levels, but these medications have a 
variety of negative effects. The microalgae possess wide range of bioactive compounds, which 
would be used to treat the abnormal cholesterol levels. This study aims to determine the anti-
cholesterol activity of bioactive compounds of the selected microalgal species (Chlorella, 
Anabaena, Oscillatoria, and Lyngbya) via in silico study. Materials and Methods:Materials and Methods: Druglikeness 
analysis were carried out for the 226 compounds, based upon the results 81 compounds were 
selected for molecular docking. Results:Results: The ADMET analysis and PASS prediction was performed 
for the 5 best docked compounds such as Debromoaplysiatoxin, Spiroidesin, Oscillatoxin A, 
Ergosta-8,(9)14-dien-3beta-ol, and Cyclindrospermopsin. Conclusion:Conclusion: Hence, these compounds 
can be used to develop the novel cholesterol lowering drugs.

KeywordsKeywords:: Cholesterol, Molecular docking, Chlorella, Anabaena, Oscillatoria, Lyngbya.

INTRODUCTION
Cardiovascular Disease (CVD) is considered to be one 
of  the main cause of  death worldwide. Atherosclerosis 
arises in the medium to large arteries at branching points 
where blood flow is disrupted. It is a chronic inflammatory 
disease that does not resolve. Atherosclerosis starts 
with disruption to the vascular Endothelial Cells (ECs), 
which usually maintains the blood flow and safeguard 
the coronary arteries from inflammation and blood 
clots.[1] High LDL (low-density lipoprotein) levels have 
been linked to the formation of  plaques at the coronary 
artery followed by CVDs, according to clinical, genetic, 

and epidemiological research.[2] Hypercholesterolemia is 
a key risk factor for cardiovascular disease that enhances 
the occurrence of  atherosclerotic diseases. An increase 
in plasma concentration is the main characteristic that 
links cholesterol to atherosclerosis. Apart from elevated 
levels of  plasma cholesterol, additional risk factors like 
diabetes, hypertension, and smoking can also exacerbate 
endothelial permeability, inflammation, oxidation, and 
coagulation, which can lead to the development of  
atherosclerosis.[3]

Cholesterol is essential for cellular metabolism and the 
synthesis of  steroid hormones in the plasma as well 
as tissues of  the body. Excessive levels of  cholesterol 
in the blood can lead to coronary artery disease, 
elevated blood pressure, and peripheral strokes.[4] 
Hypercholesterolemia is an ailment in which the levels 
of  cholesterol in the blood exceed the normal range. 
It results from an elevated level of  LDL cholesterol 
and a decrease in HDL cholesterol.[5] Cholesterol is a 
vital biological amphipathic compound with numerous 
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roles in the body. It is an essential component of  all cell 
membranes, regulating their fluidity and in specialised 
tissues, cholesterol is a precursor of  steroids, bile acids, 
Vitamin D, and hormones.[6] The human body needs a 
specific amount of  cholesterol to preserve the structural 
integrity as well as the f luidity of  the membranes. 
Cholesterol also serves as a precursor for numerous 
biological processes.[7,8]

Since the prevalence of  hypercholesterolemia rises 
with age, accounting for about 7% of  patients over 
the age of  20 and 44% of  patients over 60, it is not 
unanticipated that the illness is thought to be the cause 
of  2.6 million deaths annually.[9] Global Burden of  
Disease Research stated that India has an estimated age-
standardized mortality rate from cardiovascular disease 
of  272 per 100,000, greater than the overall death rate 
from the same condition worldwide of  235 per 100,000 
individuals.[10] Cardiovascular diseases are also one 
of  the leading cause for death as like cancer,[11] MDR 
infections,[12-14] and respiratory diseases.[15]

Cardiovascular events are primarily associated with 
excessive amounts of  Low-Density Lipoprotein (LDL) 
and extremely high amounts of  Triglycerides (TG). 
However, these conditions are also known to the 
risk factors for cardiovascular diseases. Agents that 
can raise HDL cholesterol, reduce TG, LDL/VLDL 
or overall cholesterol levels are helpful in reducing 
cardiovascular diseases.[16] Blood cholesterol levels can 
be lowered with a variety of  medications. A common 
class of  medications used to decrease cholesterol are 
statins, such as atorvastatin, lovastatin, and simvastatin. 
Statins function by blocking the enzyme HMG-CoA 
reductase in the liver, which is involved in cholesterol 
synthesis.[17] However, such medications are expensive, 
and unfavourable side effects have been recorded, 
including muscle soreness, liver inflammation, type II 
diabetes, and neurological adverse effects. Hence, the 
allopathic hypolipidemic medications have advanced 
significantly and are now widely available. However, 
they invariably include adverse effects and contraindica-
tions.[18] This has logically encouraged patients to look 
for safer alternatives.[19]

Many investigations have been carried out in the last 
few years to find anti-hyperlipidemic medicines in 
both natural and synthetic sources.[20] Now-a-days, 
the microalgae are gaining more attention among the 
researchers due to its various biological activity and 
biotechnological benefits. Likewise, the numerous 
researches have documented that the water-soluble 
components of  microalgae or extracted algal 
polysaccharides exhibited hypocholesterolemic benefits 
in experimental animals. The diets supplied with either 

the total algal biomass or its lipid extract resulted in 
significant reduction in cholesterol levels in the liver 
and plasma.[21] Microalgae and Cyanobacteria exhibit 
enormous biodiversity and are a literally unexplored 
resource. Microalgae and Cyanobacteria have been 
recognized as a promising and highly profitable sources 
of  value-added products in the food and aquaculture 
sectors.[22]

Chlorella is a unicellular green alga rich in nutrients such 
as minerals, vitamins, carotenoids, chlorophyll, and 
long-chain polyunsaturated fatty acids. The Chlorella is 
helpful in lowering the elevated cholesterol levels of  
hypercholesterolemic individuals. The Chlorella has been 
found in animal studies to prevent hypercholesterolemia 
by inhibiting the intestinal absorption of  elevated 
cholesterol from the diet and increasing faecal steroid 
excretion.[23,24]

Cyanobacteria also known as blue-green algae, are 
Gram-negative photoautotrophic bacteria with a 
blue-green pigment.[25] Anabaena, Lyngbya, Oscillatoria, 
Phormidium, Nostoc, Microcystis and Spirulina are among 
the most promising species for the production of  a 
broad varieties of  bioactive chemicals such as fatty acids, 
polysaccharides, carotenoids, and lipopeptides.[26] Oral 
administration of  Oscillatoria sp. resulted in a notable 
reduction in blood cholesterol, TG, LDL,VLDL levels 
along with the rise in HDL levels in hyperlipidemic rats 
that was closer to that of  standard medication.[27]

In this study, we have investigated the in silico anti-
cholesterol activity of  the bioactive compounds of  
selected microalgal species such as Chlorella, Oscillatoria, 
Anabaena, and Lyngbya

MATERIALS AND METHODS
Retrieval and preparation of ligands
About 226 compounds produced by microalgal species 
were identified. The 3D structure of  each ligands were 
retrieved from PubChem (https://pubchem.ncbi.nlm.
nih.gov/). In order to create 3D atomic coordinates 
for the molecules, the ligands are further prepared by 
identifying the torsion root, adjusting the torsion angles, 
allocating charges, optimization using the Universal 
Force Field (UFF), and ultimately converting them to 
pdbqt format.

Screening of the ligands for drug likeness
SwissADME, an online server, is used to assess the 
compounds' druglikeness (http://swissadme.ch/index.
php). The druglikeness of  a test compound is a required 
characteristic for validating it as a possible ligand 
against the targets.[28] Using Lipinski's Rule of  Five, 226 
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bioactive compounds were screened, and those that 
demonstrated drug-likeness were employed in docking 
studies. 

Target proteins preparation
The Human HMG-COA reductase (1DQ8) was taken 
as the target in this study. The crystallographic 3D 
structure of  the protein was retrieved from the Protein 
data bank (http://www.rcsb.org/). The protein was 
viewed in Biovia studio, and the water molecules, ligands, 
and co-crystal ligand complexes that were attached to 
the target protein were eliminated. Chain D was likewise 
deleted from the target protein. Additionally, the protein 
was prepared by adding charges, minimizing energy, and 
converting it to pdbqt format using Auto Dock Tools.

Determination of functional sites of targets
An accurate evaluation of  the active site is essential 
for docking analysis in order to set the grid box. The 
online CASTp service (Computated Atlas for Surface 
Topography) was utilized to identify the amino acid 
residues linked to the active pocket site development of  
the target compounds. The binding site is the biggest 
pocket size of  the protein.[29,30] 

Molecular docking and protein-ligand interaction 
analysis
81 compounds were chosen based on their druglikeness, 
and the PyRx tool by Autodock wizard was used as the 
docking engine for the molecular docking study. The 
protein was anticipated to be hard during the docking 
phase, while the ligands were thought to be flexible. The 
binding amino acid analysis from CASTp served as the 
basis for the grid parameter setup file.  The ligand with 
the highest binding affinity was identified as the one 
with the highest binding energy, or most negative. Using 
Biovia Drug Discovery Studio, 2020, a visual analysis 
of  the docking site and protein-ligand interactions was 
carried out.[31]

ADMET analysis of the selected ligands
ADMET analysis uses web-based algorithms to 
evaluate the substances' levels of  toxicity, distribution, 
metabolism, absorption, and excretion. Numerous 
offline software programmes and internet databases 
are available to assist in forecasting the behaviour 
of  potential medication candidates. For ADMET 
predictions in this work, we employed admet SAR9.
[32] Potential phytochemicals exhibiting higher binding 
energies were assessed for their ability to penetrate the 
brain barrier in vivo, absorb nutrients through the human 
gut, permeability of  caco-2 cells in vitro, CYP4502C9 
substrate, and various toxicity parameters such as rat 
carcinogenicity and AMES test mutagenicity.

Prediction of Activity Spectra for Substances 
(PASS)
The prediction of  Activity Spectra for Substances (PASS) 
algorithm was utilised to evaluate the anti-cholesterol 
action of  the identified compounds.[33] An extensive 
variety of  physiological outcomes are predicted for a 
multitude of  medications using the PASS algorithm.

RESULTS
Screening of the ligands for drug likeness
The various bioactive compounds present in the 
selected microalgal species (Chlorella, Anabaena, Lyngbya, 
and Oscillatoria) were screened for druglikeness.  226 
bioactive compounds were evaluated for druglikeness 
depends on the Lipinski Rule of  five (RO5). The 
molecular weight, MlogP, hydrogen bond donor, and 
hydrogen bond acceptor were examined. Based upon 
the result of  druglikeness, 81 compounds were satisfied 
the Lipinski Rule of  five (RO5). The compounds with 
druglikeness property were given in the Table 1.

Table 1: Compounds showing drug likeness property
Druglikeness analysis

Sl. 
No

Compound Source organism Molecular 
weight
(g/mol)

H-bond
donor

H-bond 
acceptor

MLogP Rule of five

1 12,13-trans-
Epoxy-9-oxo-10E,15Z-
octadecadienoic acid

Chlorella pyrenoidosa 308.41 g/mol 1 4 2.26 Yes; 0 violation

2 13-Hydroperoxy-
octadecadienoic acid

Chlorella pyrenoidosa 312.44 g/mol 2 4 3.55 Yes; 0 violation

3 13-Hydroxyocta-
decadienoic acid

Chlorella pyrenoidosa 296.44 g/mol 2 3 3.59 Yes; 0 violation

4 Ergosta-8,(9)14-
dien-3beta-ol

Chlorella ellipsoidea 398.66 g/mol 1 1 6.43 Yes; 1 violation: LOGP>4.15
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5 Jasmonic acid Chlorella sp. 210.27 g/mol 1 3 1.68 Yes; 0 violation

6 Linolenic acid Chlorella vulgaris 278.43 g/mol 1 2 4.38 Yes; 1 violation: LOGP>4.15

7 Methyl jasmonate Chlorella sp. 224.30 g/mol 0 3 1.95 Yes; 0 violation

8 Poriferasterol Chlorella spp. 412.69 g/mol 1 1 6.62 Yes; 1 violation: 
MLOGP>4.15

9 Anatoxin alpha Oscillatoria sp. 
PCC9240

165.23 g/mol 1 2 1.27 Yes; 0 violation

10 Lipopurealin A Oscillatoria agardhii 728.56 g/mol 5 6 3.09 Yes; 1 violation: MW>500

11 Homoanatoxin-a Oscillatoria sp. 
PCC6407

179.26 g/mol 1 2 1.56 Yes; 0 violation

12 Glucose Anabaena sp. 180.16 g/mol 5 6 -2.75 Yes; 0 violation

13 Linolenic acid Anabaena flos-aquae 278.43 g/mol 1 2 4.38 Yes; 1 violation: LOGP>4.15

14 Norharman Anabaena cylindrica 
Lemmermann

168.19 g/mol 1 1 1.62 Yes; 0 violation

15 Circinamide Anabaena circinalis 386.49 g/mol 4 7 -0.85 Yes; 0 violation

16 Arabinose Anabaena sp. 150.13 g/mol 4 5 -2.48 Yes; 0 violation

17 Spiroidesin Anabaena spiroides 601.73 g/mol 5 6 2.89 Yes; 1 violation: MW>500

18 Cyclindrospermopsin Anabaena bergii 416.43 g/mol 4 8 -0.3 Yes; 1 violation: NorO>10

19 Guanidoacetic acid Anabaena bergii 117.11 g/mol 3 3 -1.42 Yes; 0 violation

20 9S,12R,13S-
Trihydroxy-10E,15Z-
octadecadienoic acid

Lyngbya majuscula 328.44 g/mol 4 5 1.91 Yes; 0 violation

21 13S-Hydroperoxy-
9Z,11E,15Z-

octadecatrienoic acid

Lyngbya majuscula 310.43 g/mol 2 4 ; violation

22 (+)-Curacin A Lyngbya majuscula 373.60 g/mol 0 2 4.21 Yes; 1 violation: 
MLOGP>4.15

23 (E)-7-Methoxytetradec-
4-enoic acid

Lyngbya majuscula 256.38 g/mol 1 3 2.96 Yes; 0 violation

24 Agelastatin C Lyngbya wollei 357.16 g/mol 4 4 -0.38 Yes; 0 violation

25 Agelastatin D Lyngbya wollei 327.13 g/mol 4 3 -0.27 Yes; 0 violation

26 Apramide A Lyngbya majuscula 337.46 g/mol 1 3 1.11 Yes; 0 violation

27 Apramide B Lyngbya majuscula 323.43 g/mol 1 3 0.87 Yes; 0 violation

28 Apramide D Lyngbya majuscula 322.42 g/mol 3 1 0.87 Yes; 0 violation

29 Apramide E Lyngbya majuscula 323.43 g/mol 3 1 0.87 Yes; 0 violation

30 Barbamide Lyngbya majuscula 461.83 g/mol 0 3 2.68 Yes; 0 violation

31 Curacin D Lyngbya majuscula 359.57 g/mol 0 2 3.99 Yes; 0 violation

32 Dechloro-barbamide Lyngbya majuscula 427.39 g/mol 0 3 2.47 Yes; 0 violation

33 Dysidenamide Lyngbya majuscula 506.08 g/mol 2 3 2.19 Yes; 1 violation: MW>500

34 Louludinium Lyngbya gracilis 272.45 g/mol 0 0 4.34 Yes; 1 violation: LOGP>4.15

35 Madangolide Lyngbya bouillonii 377.56 g/mol 3 1 3.78 Yes; 0 violation

36 Pseudodysidenin Lyngbya majuscula 546.17 g/mol 1 3 2.5 Yes; 1 violation:  MW>500

37 Yanucamide A Lyngbya majuscula 587.75 g/mol 2 7 2.09 Yes; 1 violation: MW>500

38 Yanucamide B Lyngbya majuscula 601.77 g/mol 2 7 2.27 Yes; 1 violation: MW>500

39 Ypaoamide Lyngbya majuscula 456.57 g/mol 2 5 2.31 Yes; 0 violation

40 Besarhanamide A Lyngbya majuscula 381.59 g/mol 2 3 3.15 Yes; 0 violation

41 Besarhanamide B Lyngbya majuscula 369.54 g/mol 1 4 3 Yes; 0 violation

42 Nordysidenin Lyngbya majuscula 532.14 g/mol 2 3 2.29 Yes; 1 violation: MW>500

43 Antillatoxin Lyngbya majuscula 503.67 g/mol 2 5 2.14 Yes; 1 violation:  MW>500

44 Dolabellin Lyngbya majuscula 611.56 g/mol 2 10 1.05 Yes; 1 violation: MW>500
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45 Lyngbyabellin C Lyngbya sp. 609.54 g/mol 2 10 1.05 Yes; 1 violation: MW>500

46 Lyngbyabellin G Lyngbya majuscula 595.51 g/mol 2 10 0.85 Yes; 1 violation: MW>500

47 Malyngamide T Lyngbya majuscula 468.03 g/mol 1 5 2.78 Yes; 0 violation

48 Malyngamide U Lyngbya majuscula 409.56 g/mol 2 5 1.32 Yes; 0 violation

49 Malyngamide V Lyngbya majuscula 409.56 g/mol 2 5 1.32 Yes; 0 violation

50 Malyngamide W Lyngbya majuscula 409.56 g/mol 2 5 1.32 Yes; 0 violation

51 Palau'imide Lyngbya sp. 428.56 g/mol 1 4 2.31 Yes; 0 violation

52 Semiplenamide A Lyngbya semiplena 365.59 g/mol 2 2 4.3 Yes; 1 violation: 
MLOGP>4.15

53 Semiplenamide B Lyngbya semiplena 407.63 g/mol 1 3 4.59 Yes; 1 violation: 
MLOGP>4.15

54 Semiplenamide C Lyngbya semiplena 325.53 g/mol 2 2 3.74 Yes; 0 violation

55 Semiplenamide D Lyngbya semiplena 423.67 g/mol 1 3 4.88 Yes; 1 violation: 
MLOGP>4.15

56 Semiplenamide E Lyngbya semiplena 395.62 g/mol 1 3 4.47 Yes; 1 violation: 
MLOGP>4.15

57 Semiplenamide F Lyngbya semiplena 369.58 g/mol 2 3 3.05 Yes; 0 violation

58 Taveuniamide A Lyngbya majuscula x 
Schizothrix sp.

202.76 g/mol 0 0 4.76 Yes; 1 violation: 
MLOGP>4.15

59 Taveuniamide B Lyngbya majuscula x 
Schizothrix sp.

202.76 g/mol 0 0 4.76 Yes; 1 violation: 
MLOGP>4.15

60 Taveuniamide C Lyngbya majuscula x 
Schizothrix sp.

166.30 g/mol 0 0 5.25 Yes; 1 violation: 
MLOGP>4.15

61 Taveuniamide D Lyngbya majuscula x 
Schizothrix sp.

44.10 g/mol 0 0 2.28 "

62 Taveuniamide E Lyngbya majuscula x 
Schizothrix sp.

42.08 g/mol 0 0 2.13 Yes; 0 violation

63 Taveuniamide F Lyngbya majuscula x 
Schizothrix sp.

42.08 g/mol 0 0 2.13 Yes; 0 violation

64 Taveuniamide K Lyngbya majuscula x 
Schizothrix sp.

42.08 g/mol 0 0 2.13 Yes; 0 violation

65 Carmabin A Lyngbya majuscula 155.24 g/mol 1 1 1.87 Yes; 0 violation

66 Dragonamide A Lyngbya majuscula 452.57 g/mol 4 5 -0.1 Yes; 0 violation

67 Dragonamide B Lyngbya majuscula 452.57 g/mol 4 5 -0.1 Yes; 0 violation

68 Deacetyl-
hectochlorin

Lyngbya majuscula 623.57 g/mol 2 10 1.25 "

69 Hermitamide A Lyngbya majuscula 359.55 g/mol 1 2 4.12 Yes; 0 violation

70 Hermitamide B Lyngbya majuscula 398.58 g/mol 2 2 3.41 Yes; 0 violation

71 Malyngamide C Lyngbya majuscula 456.02 g/mol 2 5 1.74 Yes; 0 violation

72 Malyngamide J Lyngbya majuscula 607.78 g/mol 2 9 0.48 Yes; 1 violation:MW>500

73 Malyngamide K Lyngbya majuscula 424.02 g/mol 1 3 3.3 Yes; 0 violation

74 Lyngbyaloside Lyngbya sp. 661.62 g/mol 2 10 1.29 Yes; 1 violation: MW>500

75 Lyngbyaloside B Lyngbya sp. 649.61 g/mol 3 10 1.19 Yes; 1 violation: MW>500

76 Debromoaplysiatoxin Lyngbya majuscula 592.72 g/mol 3 10 1.78 Yes; 1 violation: MW>500

77 Isomalyngamide A Lyngbya majuscula 553.13 g/mol 0 6 2.12 Yes; 1 violation:  MW>500

78 Lyngbyatoxin A acetate Lyngbya majuscula 479.65 g/mol 2 3 3.49 Yes; 0 violation

79 Oscillatoxin A Lyngbya majuscula 578.69 g/mol 3 10 1.6 Yes; 1 violation: MW>500

80 Grenadamide B Lyngbya majuscula 369.97 g/mol 1 2 4 Yes; 0 violation

81 Grenadamide C Lyngbya majuscula 404.41 g/mol 1 2 4.21 Yes; 1 violation: LOGP>4.15
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Determination of functional sites of targets
CastP was employed to analyze the functional binding 
sites of  the target protein Human HMA-COA reductase. 
The amino acid molecules present in the active pocket 
of  the protein can be found using the CASTp. The 
position of  the amino acid present in the active site 
of  target was provided in the Table 2. The Figure 1 
demonstrated the CastP results of  the chain A, B, and 
C of  the target protein. The grid boxes were created to 
cover the binding site of  the active protein.

Table 2: Amino acid residues in the binding sites.
Sl. 
No.

Target Chain Aminoacid residues in the 
binding sites

1.
.

HMG-COA 
reductase

A 471- VAL, 472-ASN, 475- HIS, 476 
- ILE, 479 -  TYR, 807 –GLY, 808- 

GLY, 809-THR, 841-GLN

B 536- ILE, 540-VAL, 542- GLY, 552-
GLN, 556-ALA, 557-THR, 559-GLU, 

862- LEU, 863-VAL, 865-SER,

C 536- ILE, 540-VAL, 542- GLY, 552-
GLN, 556-ALA, 557-THR, 559-GLU, 

862- LEU, 863-VAL, 865-SER,

Figure 1: Binding site of the target protein. Binding sites were highlighted in blue.
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Molecular docking and protein-ligand interaction 
analysis
PyRx was employed for docking all the 81 compounds 
against the target HMG-COA reductase (A, B, and C 
chain). The binding affinity of  the all the 81 compounds 
were examined (Table 3) and the compounds showing 
binding energy lower than -7 K/mol were chosen. The 
aminoacid residues in the protein-ligand interaction of  
selected five compounds were provided in the Table 4.

Table 3: Binding affinity of the bioactive compounds
Sl. 
No.

Compound Source 
organism

Binding
affinity

1. 12,13-trans-Epoxy-9-
oxo-10E,15Z-octade-

cadienoic acid

Chlorella 
pyrenoidosa

-5.9

2. 13-Hydrope-
roxyoctade-

cadienoic acid

Chlorella 
pyrenoidosa

-5.7

3. 13-Hydrox-
yoctade-
cadienoic

acid

Chlorella 
pyrenoidosa

-6.3

4. Ergosta-8,(9)
14-dien-
3beta-ol

Chlorella 
ellipsoidea

-9.0

5. Jasmonic
acid

Chlorella sp. -6.3

6 Linolenic
acid

Chlorella vulgaris -4.5

7 Methyl
jasmonate

Chlorella sp. -5.8

8 Poriferasterol Chlorella spp. -5.2

9 Anatoxin alpha Oscillatoria sp. 
PCC9240

-5.5

10 Lipopurealin A Oscillatoria 
agardhii

-6.0

11 Homoanatoxin-a Oscillatoria sp. 
PCC6407

-5.9

12 Glucose Anabaena sp. -6.0

13 Linolenic acid Anabaena flos-
aquae

-4.5

14 Norharman Anabaena 
cylindrica 

Lemmermann

-6.9

15 Circinamide Anabaena 
circinalis

-5.7

16 Arabinose Anabaena sp. -6.2

17 Spiroidesin Anabaena 
spiroides

-9.2

18 Cyclindrospermopsin Anabaena bergii -8.5

19 Guanidoacetic acid Anabaena bergii -5.2

20 9S,12R,13S-
Trihydroxy-10E,15Z-
octadecadienoic acid

Lyngbya 
majuscula

-5.7

21 13S-Hydroperoxy-
9Z,11E,15Z-

octadecatrienoic acid

Lyngbya 
majuscula

-5.1

22 (+)-Curacin A Lyngbya 
majuscula

-6.1

23 (E)-7-
Methoxytetradec-4-

enoic acid

Lyngbya 
majuscula

-5.1

24 Agelastatin C Lyngbya wollei -6.8

25 Agelastatin D Lyngbya wollei -8.1

26 Apramide A Lyngbya 
majuscula

-5.7

27 Apramide B Lyngbya 
majuscula

-6.9

28 Apramide D Lyngbya 
majuscula

-6.6

29 Apramide E Lyngbya 
majuscula

-5.8

30 Barbamide Lyngbya 
majuscula

-6.8

31 Curacin D Lyngbya 
majuscula

-6.1

32 Dechlorobarbamide Lyngbya 
majuscula

-6.9

33 Dysidenamide Lyngbya 
majuscula

-6.1

34 Louludinium Lyngbya gracilis -5.3

35 Madangolide Lyngbya bouillonii -7.7

36 Pseudodysidenin Lyngbya 
majuscula

-6.6

37 Yanucamide A Lyngbya 
majuscula

-8.1

38 Yanucamide B Lyngbya 
majuscula

-7.1

39 Ypaoamide Lyngbya 
majuscula

-8.3

40 Besarhanamide A Lyngbya 
majuscula

-5.9

41 Besarhanamide B Lyngbya 
majuscula

-6.1

42 Nordysidenin Lyngbya 
majuscula

-6.7

43 Antillatoxin Lyngbya 
majuscula

-8.4

44 Dolabellin Lyngbya 
majuscula

-6.4

45 Lyngbyabellin C Lyngbya sp. -7.1

46 Lyngbyabellin G Lyngbya 
majuscula

-7.6

47 Malyngamide T Lyngbya 
majuscula

-5.3

48 Malyngamide U Lyngbya 
majuscula

-6.8

49 Malyngamide V Lyngbya 
majuscula

-6.0
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76 Debromoaplysiatoxin Lyngbya 
majuscula

-9.3

77 Isomalyngamide A Lyngbya 
majuscula

-5.6

78 Lyngbyatoxin A 
acetate

Lyngbya 
majuscula

-7.6

79 Oscillatoxin A Lyngbya 
majuscula

-9.2

80 Grenadamide B Lyngbya 
majuscula

-6.1

81 Grenadamide C Lyngbya 
majuscula

-6

Table 4: Protein-ligand interaction analysis.
Sl. No. Compounds AMES

 Test
Carcinogenicity

1. Debromo-
aplysiatoxin (-9.3)

- -

2. Spiroidesin (-9.2) 3 A: GLU-559, 
A:HIS-752, B: GLY-

765

3. Oscillatoxin A (-9.2) 2 A: GLN-632, A: GLN-
648

4. Ergosta-8,(9)
14-dien-3beta-ol 

(-9.0)

1 C: ASN-788

5. Cyclindro-
spermopsin (-8.5)

3 A:GLY-560, 
B:THR-809, 
B:GLY-806

Protein-ligand interaction
The Biovia Accellrys Discovery Studio Visualizer 
software was utilised to investigate binding interactions 
between amino acid residues and the best-docked 
bioactive compounds on their active sites. Protein-ligand 
interactions are significantly influenced by the type of  
bond, quantity of  hydrogen bonds, and hydrophobic 
interactions in addition to binding affinity (Figures 2 to 6).

Figure 2: Interaction of Debromoaplysiatoxin 
on HMG COA reductase

50 Malyngamide W Lyngbya 
majuscula

-6.5

51 Palau'imide Lyngbya sp. -7.8

52 Semiplenamide A Lyngbya 
semiplena

-6.2

53 Semiplenamide B Lyngbya 
semiplena

-5.3

54 Semiplenamide C Lyngbya 
semiplena

-5.4

55 Semiplenamide D Lyngbya 
semiplena

-5.4

56 Semiplenamide E Lyngbya 
semiplena

-6.8

57 Semiplenamide F Lyngbya 
semiplena

-6.1

58 Taveuniamide A Lyngbya 
majuscula x 

Schizothrix sp.

-6.1

59 Taveuniamide B Lyngbya 
majuscula x 

Schizothrix sp.

-5.9

60 Taveuniamide C Lyngbya 
majuscula x 

Schizothrix sp.

-6.6

61 Taveuniamide D Lyngbya 
majuscula x 

Schizothrix sp.

-6.1

62 Taveuniamide E Lyngbya 
majuscula x 

Schizothrix sp.

-6.8

63 Taveuniamide F Lyngbya 
majuscula x 

Schizothrix sp.

-5.8

64 Taveuniamide K Lyngbya 
majuscula x 

Schizothrix sp.

-5.6

65 Carmabin A Lyngbya 
majuscula

-3.7

66 Dragonamide A Lyngbya 
majuscula

-5.4

67 Dragonamide B Lyngbya 
majuscula

-5.9

68 Deacetylhectochlorin Lyngbya 
majuscula

-7.7

69 Hermitamide A Lyngbya 
majuscula

-6.1

70 Hermitamide B Lyngbya 
majuscula

-6.5

71 Malyngamide C Lyngbya 
majuscula

-6.8

72 Malyngamide J Lyngbya 
majuscula

-7.3

73 Malyngamide K Lyngbya 
majuscula

-6.6

74 Lyngbyaloside Lyngbya sp. -8.0

75 Lyngbyaloside B Lyngbya sp. -7.6
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Figure 3: Interaction of Spiroidesin on HMG COA reductase

Figure 4: Interaction of Oscillatoxin A on
HMG-COA reductase

Figure 5: Interaction of Ergosta-8,(9)14-dien-3beta-ol 
on HMG-COA reductase

Figure 6: Interaction of Cyclindrospermopsin on HMG-COA 
reductase. ADMET analysis

ADMET analysis

The admetSAR tool was used to analyze the dis-
tribution, absorption, metabolism, excretion, and 
toxicity of  the best-docked five bioactive compounds 
such as Debromoaplysiatoxin, Spiroidesin, Oscillatoxin 
A, Ergosta-8,(9)14-dien-3beta-ol, and Cyclindrosper-
mopsin (Table 5). In vitro caco-2 cell permeability, 
human intestinal absorption, in vivo blood-brain barrier 
penetration, mitochondrial distribution, and non-
substrate for CYP4502C9 were all investigated. Table 
6 illustrated the ADMET features of  the compounds. 
Debromoaplysiatoxin, Spiroidesin, Oscillatoxin A, and 
Ergosta-8, (9)14-dien-3beta-ol were observed to be 
AMES non-toxic and non-carcinogenic. The compound 
Cyclindrospermopsin was observed to be AMES non-
toxic but it is carcinogenic.

PASS predictions

The anti-cholesterol effect of  the selected bioactive 
compound was predicted by evaluating the PASS 
prediction. It is desirable for the Probable activity (Pa) 
to exceed the Probable inactivity (Pi). Every compound 
displayed a Pa value greater than the Pi. This shows 
that the compounds that have been found have anti-
cholesterol properties (Table 7).

Table 5: ADMET properties of the selected compounds

Sl. 
No.

Compounds In vivo blood-
brain barrier 
penetration

Human 
intestinal

In vitro Caco-2 cell 
permeability (nm/

sec)

Distribution CYP4502C9

1 Debromoaplysiatoxin 0.5557 0.6975 0.7290 0.7727 0.8264 (NS)

2 Spiroidesin 0.6710 0.8378 0.7667 0.8249 0.7535 (NS)

3 Oscillatoxin A 0.5133 0.7992 0.7382 0.8061 0.8308 (NS)

4 Ergosta-8,(9)14-dien-
3beta-ol

0.9825 1.0000 0.8378 0.4911 0.7988 (NS)

5. Cyclindrospermopsin 0.7590 0.8810 0.6407 0.4570 0.6863 (NS)
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Table 6: Toxicity analysis.
Sl. No. Compounds AMES Test Carcinogenicity

1. Debromo-
aplysiatoxin

Non-toxic No

2. Spiroidesin Non-toxic No

3. Oscillatoxin A Non-toxic No

4. Ergosta-8,
(9)14-dien-

3beta-ol

Non-toxic No

5. Cyclindro-
spermopsin

Non-toxic Carcinogen

Table 7: PASS predictions.
Sl. 
No.

Com-
pounds

Chole-
sterol
anta-

gonist

Antioxidant Atheros-
clerosis

treatment

Choles-
terol

synthesis
inhibitor

Pa Pi Pa Pi Pa Pi Pa Pi

1 Spiroi-
desin

0.444 0.052 0.296 0.031 0.327 0.063 0.352 0046

2 Ergosta-
8(9) 14-

dien-
3beta-ol

0.915 0.003 0.143 0.111 0.435 0.029 0.663 0.001

3 Oscilla-
toxin A

- - 0.148 0.105 - - - -

4 Cyclin-
dro-

sperm-
opsin

- - - - - - -

5 Debrom-
oaplysi-
atoxin

- - - - - - - -

DISCUSSION
Cardiovascular disease continues to be the leading cause 
of  death worldwide. The burden of  cardiovascular 
disease is not exclusively determined by the number of  
fatalities caused by it. The epidemiology of  cardiovascular 
disease takes into account the morbidity and related 
disability, as there are significant fluctuations in both 
incidence and prevalence.[34] Excessive cholesterol 
levels in the blood can lead to cardiovascular disease, 
hypertension, and peripheral strokes. Cholesterol is 
essential for the generation of  steroid hormones and 
cellular metabolism.[4]

After being substantially oxidised, the low-density 
lipoprotein aggressively accumulates lipids on the blood 
vessels of  the heart wall and other areas of  the body. This 
promotes the development of  inflammation and plaque.
[35] Several sources of  information remain to show the 
strong link between antioxidants, inflammation, and 
cardiovascular diseases.  A key factor in the emergence 
of  cardiovascular diseases is inflammation.[36,37] The 

drug Statins reduce the cholesterol levels by inhibiting 
the HMG-COA reductase enzyme and have anti-
inflammatory effects.[38] Therefore, in order to stop or 
postpone the onset of  hypercholesterolemia before it 
turns into a chronic ailments, it is essential to reduce 
blood LDL cholesterol and increase HDL levels.[39] 
Particularly, a lot of  medications were found to have 
harmful side effects on a variety of  body organs. Recent 
research has indicated that nutrition has a major role in 
decreasing cholesterol.[40]

Microalgae have garnered widespread attention in the 
scientific community as a potential source of  biological 
and therapeutic chemicals for use in pharmaceutical 
applications.  This alga has been shown to have a range 
of  bioactive chemicals with hypolipidemic qualities 
that have been shown to have extremely positive health 
effects.[41] It requires a comprehensive approach to 
tackle the challenging issue of  identifying bioactive 
compounds. In this process, the ongoing improvement 
of  analytical and molecular techniques is crucial and a 
requirement for using high-throughput methodologies 
to target innovative products.[42]

HMG-CoA reductase (3-hydroxy-3-methylglutaryl 
reductase) is the enzyme responsible for the production 
of  cholesterol, and LDLR (low-density lipoprotein 
receptor) is in charge of  removing low-density 
lipoprotein cholesterol from the plasma.[43] Lipid-
lowering medications, such as statin, which act on 
3-hydroxy-3-methyl-glutaryl-CoA reductase, the first 
and major enzyme of  the cholesterol biosynthesis 
pathway, are one of  the approach for regulating the 
amount of  low density lipoprotein in the bloodstream. 
One of  the primary precursors in the hepatic cholesterol 
synthesis pathway, mevalonate, is produced at a slower 
rate when 3-hydroxy-3-methyl-glutarylCoA reductase is 
inhibited.[8]

The most prevalent approach for comprehending 
drug-receptor interactions is in silico molecular docking 
studies. These techniques have demonstrated a high 
degree of  support for the generation of  new or more 
effective drug receptor inhibitors based on synthetic or 
natural substances.[44] This computer-based method aids 
in the identification of  small compounds by orienting 
and rating them in the active binding region of  a protein. 
Lipinski's rule of  five is used by the World Drug Index 
to screen drugs for suitability for human usage.[45] We 
simulated the potential binding of  the ligands to the 
active site of  HMG-CoA reductase protein using active 
site prediction methodology. These ligands are associated 
with primary active site of  the HMG-CoA reductase 
protein capable of  inhibiting the activity of  the enzyme. 
It has been established that Debromoaplysiatoxin, 
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Spiroidesin, Oscillatoxin A, Ergosta-8, (9)14-dien-
3beta-ol, and Cyclindrospermopsin satisfy the criteria 
and are anticipated to be effective in lowering the 
cholesterol levels.
Cyanobacteria have been found to produce a variety of  
bioactive substances including toxins. Oscillatoxin is an 
analogue of  aplysiatoxin in which the molecule does 
not have a six-membered ether ring.[46] Likewise, the 
bioactive compound Ergosta-8,(9)14-dien-3beta-ol of  
Chlorella sp. was investigated for its anti-bacterial action 
for the multi-drug resistant infections.[47] The spiroidesin 
is a unique linear lipopeptide comprising D amino 
acids, was extracted from cyanobacterium Anabaena 
spiroides. At lower dosages, the peptide demonstrated 
growth suppression on the poisonous cyanobacterium 
M. aeruginosa (NIES-88), and it further inhibited 
chymotrypsin.[48]

Metabolites of  microalgae are a potential source of  a 
variety of  biological activity. Microalgae metabolites 
may be the most effective approach when searching 
for novel medications, given their high reactivity and 
bioavailability. Numerous metabolites have been found 
in microalgae, therefore in silico investigations make it 
possible to quickly and efficiently screen for the best 
molecules. It is possible to identify an efficient molecule 
with improved ADMET characteristics and target 
specificity. For this reason, the most effective method 
for finding new medications is in silico screening.
[49] ADMET Predictor is an advanced approach that 
allows researchers to rapidly anticipate a wide range 
of  ADMET attributes based on chemical structure. 
Its prognostic models depend on the vector algorithm 
square measure concept, and include characteristics 
like as absorption, distribution, metabolism, excretion, 
and toxicity.[50] ADMET properties of  the best docked 
compounds were examined in the present study.
PASS (prediction of  activity spectra for substances) used 
to evaluates the probability of  a drug or a compound being 
active against a target using physicochemical approaches 
and multiple algorithms.[51] Probable activity (Pa) as well 
as the Probable inactivity (Pi) were used to predict the 
estimated activity of  a compound. The molecule deemed 
feasible for a specific therapeutic action was the one 
with a Pa value greater than Pi.[52] Hence, in the current 
study the findings of  PASS prediction revealed that the 
test compounds Spiroidesin, and Ergosta-8,(9)14-dien-
3beta-ol confirmed the anti-cholesterol effects.

CONCLUSION
This study demonstrated the anti-cholesterol potential 
of  the bioactive compounds of  selected microalgal 
species. The in silico studies revealed that the bioactive 

compounds such as Debromoaplysiatoxin, Spiroidesin, 
Oscillatoxin A, Ergosta-8,(9)14-dien-3beta-ol, and 
Cyclindrospermopsin exhibited greater binding affinity 
against the target HMG-COA reducatse. The ADMET 
analysis of  the five compounds showed that the 
compounds were safe and non-carcinogenic. The PASS 
prediction approach confirmed the anti-cholesterol 
action of  the compounds such as Spiroidesin, and 
Ergosta-8,(9)14-dien-3beta-ol.  Hence, these compounds 
can serve as lead compound for the development of  
novel drugs to lower the cholesterol level and also to 
treat the cardiovascular diseases.
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SUMMARY
Cardiovascular Disease (CVD) is widely regarded 
as one of  the leading causes of  death worldwide. 
One major risk factor for cardiovascular disease that 
raises the likelihood of  atherosclerotic illnesses is 
hypercholesterolemia. Numerous studies have shown 
that the water-soluble parts of  microalgae or isolated 
algal polysaccharides benefitted experimental mice 
with low cholesterol. We evaluated the anti-cholesterol 
activity of  bioactive compounds from Chlorella, 
Oscillatoria, Anabaena, and Lyngbya via in silico studies. 
Based on in silico investigations, it was found that 
bioactive compounds with higher binding affinities 
against the target HMG-COA reducatse included 
Debromoaplysiatoxin, Spiroidesin, Oscillatoxin A, 
Ergosta-8, and (9)14-dien-3beta-ol.  Therefore, these 
compounds may be used as a model compound in 
the creation of  new medications intended to treat 
cardiovascular conditions by reducing cholesterol levels.
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