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Abstract: Garlic is one of the most well-known medicinal plants in terms of hypolipidemic activities. 

Its organosulfur compounds (OSCs) are probably one of the major groups of potentially active 

compounds for treating hyperlipidemia. However, the hypolipidemic activities of many garlic OCSs 

have not been investigated. This study was conducted to predict the potential of garlic OSCs to interact 

with hyperlipidemia targets and to evaluate their pharmacokinetic properties. 25 OSCs were selected to 

interact with four major targets of hyperlipidemia named pancreatic lipase, HMG-CoA reductase, 

PPAR-α, and NPC1L1 using the AutoDock Vina program. The pharmacokinetic properties of OSCs 

were also evaluated by the SwissADME website. The best binding affinity values were obtained for γ-

glutamyl-S-alk(en)ylcysteines. Other OSCs, such as S-alk(en)ylcysteine sulfoxides and ajoenes, 

presented a moderate to high affinity for the studied targets. However, in-silico evaluation of 

pharmacokinetic properties showed that γ-glutamyl-S-alk(en)ylcysteines have low absorption. The 

results displayed that γ-glutamyl-S-alk(en)ylcysteines can potentially be considered antihyperlipidemic 

agents mainly influencing the intestinal lumen. Therefore, it seems that fresh whole garlic, thermal 

dehydrated garlic, and freeze-dried garlic products are probably more potent antihyperlipidemic agents 

due to their higher levels of γ-glutamyl-S-alk(en)ylcysteines. 

Keywords: Allium sativum; antihyperlipidemic activities; garlic; organosulfur compounds; virtual 

study.  
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1. Introduction 

Hyperlipidemia, defined as an increase in total cholesterol, low-density lipoprotein 

cholesterol (LDL-C), and/or triglyceride in circulating levels, is the most common form of 

dyslipidemia [1]. It is one of the key contributing factors to atherosclerosis development, 

leading to cardiovascular diseases (CVDs) [2].  

Hyperlipidemia is a prevalent problem in many countries due to changes occurred in 

individuals’ lifestyles. Therefore, proper nutrition, exercise, smoking cessation, and 

maintaining a healthy weight are important factors in managing hyperlipidemia [3]. However, 

if these modifications do not improve lipid profile, medications should be prescribed as a part 

of the treatment plan. Lipid-lowering agents encompass several drugs, including HMG-CoA 

reductase inhibitors or statins (e.g., atorvastatin, fluvastatin, etc.), bile acid sequestrants (e.g., 

colestipol, cholestyramine, etc.), Niemann-Pick C1-like 1 (NPC1L1) inhibitors, or cholesterol 

absorption inhibitors (e.g., ezetimibe), peroxisome proliferator-activated receptor-alpha 

(PPAR-α) activators or fibrates (e.g., fenofibrate, gemfibrozil, etc.), proprotein convertase 
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subtilisin/kexin type 9 (PCSK9) inhibitors (e.g., alirocumab, evolocumab, etc.), pancreatic 

lipase inhibitors (e.g., orlistat), and niacin [4,5]. Although these agents effectively treat 

hyperlipidemia, regular consumption of these drugs for a long time may result in health 

problems [5]. Therefore, there is an increasing tendency to search for new medications with 

minimal side effects, especially natural sources [6,7].  

Table 1. Major OSCs in common garlic preparations. 

Garlic product Main organosulfur compounds in the product 

Fresh whole garlic, Thermal dehydrated garlic, and Freeze-

dried garlic 

 

Mainly containing: S-Allylcysteine sulfoxide (Alliin) (01), γ-

Glutamyl-S-trans-1-propenylcysteine (02), γ-Glutamyl-S-

allylcysteine (03), S-trans-1-Propenylcysteine sulfoxide (Isoalliin) 

(04), S-Methylcysteine sulfoxide (Mettiin) (05), γ-Glutamyl-S-

methylcysteine (06) 

Crushed or cut garlic 

 

Mainly containing: Diallyl thiosulfinate (Allicin) (07), Methyl 

allyl thiosulfinate (08), 1-Propenyl allyl thiosulfinate (09) 

and to some extent containing: γ-Glutamyl-S-trans-1-

propenylcysteine (02), γ-Glutamyl-S-allylcysteine (GSAC) (03), 

γ-Glutamyl-S-methylcysteine (06) 

Aged garlic extract (Extraction of garlic in aqueous 

solutions for several months) 

Mainly containing: S-trans-1-Propenylcysteine (010), S-

Allylcysteine (SAC) (011), S-Allylmercaptocysteine  (012), S-

Methylcysteine (025) 

Steam-distilled garlic oil (Steam distillation of crushed 

garlic then dissolving the extracted oil in vegetable oil) 

Mainly containing: sulfide compounds such as Diallyl disulfide 

(013), Diallyl trisulfide (014), Allyl methyl trisulfide (015), Allyl 

methyl disulfide (016), Diallyl tetrasulfide (017), Allyl methyl 

tetrasulfide (018), Dimethyl trisulfide (019), Diallyl sulfide (020), 

etc 

Oil-extracted garlic macerate (Extraction of homogenized 

garlic in vegetable oil) 

Mainly containing:E-Ajoene (021), Z-Ajoene (022), 2-Vinyl-4-H-

1,3-dithiin (023), 3-Vinyl-4-H-1,2-dithiin (024) 

γ-Glutamyl-S-alk(en)ylcysteines S-Alk(en)ylcysteine sulfoxides (ACSOs)

Alk(en)yl alkene thiosulfinatesAlk(en)ylcysteines

SulfidesAjoenes Vinyldithiins

&

In aged garlic extract

In steam-distilled garlic oil In oil-extracted garlic macerate

In crushed or cut garlic

In fresh whole garlic, thermal dehydrated garlic, and freeze-dried garlic

&

 
Figure 1. Interconversions among OSCs during the production processes of different garlic products. 
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Various studies have shown that the use of medicinal plants has beneficial effects on 

CVDs [6,7]. In this regard, one of the most well-known plants is garlic [8-10]. Garlic (Allium 

sativum L.), a member of the Liliaceae family, has long been used for culinary and medical 

purposes [11]. Different studies have proposed that the health benefits from garlic are largely 

due to its rich amount of secondary metabolites, such as organosulfur compounds (OSCs), 

phenolic compounds, saponins, and so on [12,13]. OSCs are considered to be responsible for 

many biological activities and therapeutic potentials of garlic [14]. Various factors such as 

genotype, growing conditions, irrigation, storage conditions, manufacturing processes, etc., 

characterize the composition and quantity of OSCs, specifying odor, flavor, and biological 

activities in garlic [13,15,16]. Different studies have indicated that many interconversions can 

occur among various forms of OSCs during the processing steps of garlic and the production 

of its preparations (Table 1 and Figure 1). Therefore, various garlic products may differ in 

biological activities and potential health benefits [13,17,18].  

Among the favorable effects of garlic, cardiovascular protection is one of the main 

functions of garlic-derived products. Several studies have shown that OSCs in garlic plays a 

fundamental role in reducing the risk of CVDs. OSCs can effectively prevent or improve CVDs 

due to various pharmacological activities, including antihyperlipidemic, antiatherosclerotic, 

antihypertension, antiplatelet aggregation, and antithrombotic activities [11,12,14,19-23].  

The investigations demonstrate that, in general, garlic can ameliorate hyperlipidemia 

by regulating serum cholesterol and triglyceride. However, it should be borne in mind that the 

studies on the influence of garlic on plasma lipid levels have been conducted using various 

garlic products. Therefore, the type and amount of OSCs have been completely different in 

these preparations, and as a result, different responses have been given to these products [24-

26]. Secondly, there are only a limited number of studies on the antihyperlipidemic activities 

of garlic OSCs. These studies have suggested that hypolipidemic activities of the above-

mentioned OSCs may be mainly exerted through the reduction of lipid biosynthesis [12,20].  

However, as mentioned, the hypolipidemic activities of many OSCs in garlic have not 

been studied in any way. Therefore, this virtual investigation was carried out to study the 

influence of the major OSCs in various garlic products against the main therapeutic targets of 

hyperlipidemia, namely pancreatic lipase, HMG-CoA reductase, PPAR-α, and NPC1L1, 

through molecular docking and evaluating their pharmacokinetic properties.  

2. Materials and Methods 

2.1. In-Silico molecular docking. 

2.1.1. Target preparation. 

X-ray crystallographic structures of the protein targets including HMG CoA reductase 

(PDB ID: 1hwi), PPAR-α (PDB ID: 4bcr), NPC1L1 (PDB ID: 3qnt), and pancreatic lipase 

(PDB ID: 1lpb) were retrieved from the Protein Data Bank (https://www.rcsb.org/) in PDB 

format (Table 2). PDB files of targets were simplified by discovery studio visualizer (DSV) 

software (v.19.1.0.18287). Then, they were prepared for docking study using MGL Tools 

software (v.1.5.6) and were saved in PDBQT format. Crystallography ligands were used as the 

reference for the calculation of docking box coordinates [27,28].  
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Table 2. Details of the studied targets. 

Target PDB 

ID 

Resolution 

(A°) 

Organism co-crystallized 

ligand 

Selected 

chain 

Binding site RMSD 

      Center Size (A) 

HMG-CoA 

reductase 

1HWI 2.30 Homo sapiens Fluvastatin C X = 16.9391 

Y= 16.9294 

Z = 25.8480 

X= 20 

Y = 20 

Z = 20 

1.607 

Pancreatic lipase 1LPB 2.46 Homo sapiens Methoxy undecyl 

phosphonic acid 

 

B X = 8.8594 

Y = 23.3771 

Z = 53.6028 

X= 20 

Y = 20 

Z = 20 

1.876 

Niemann-Pick C1-

like protein 1 

(NPC1L1) 

3QNT 2.83 Homo sapiens - A X= -16.3993 

Y = -30.6584 

Z = -15.6522 

X = 30 

Y = 30 

Z = 30 

- 

Peroxisome 

proliferator-

activated receptor 

alpha (PPAR-α) 

4BCR 2.50 Homo sapiens Pirinixic acid 

(WY14643) 

A X= -20.9449 

Y = 4.1347 

Z = -4.6550 

X = 26 

Y = 26 

Z = 26 

1.943 

2.1.2. Ligand preparation. 

A list of 25 OSCs was prepared through a literature survey. The list was composed of 

OSCs reported in various garlic products (Table 1) [14,21,22,29-33]. The 3D structures of 

OSCs (and other necessary ligands) were retrieved from the PubChem database 

(https://pubchem.ncbi.nlm.nih.gov) in SDF format and were loaded into PyRx software (v.0.8). 

PyRx software was used for energy minimization of compounds and converted them into 

PDBQT format [34].  

2.1.3. Analysis of active sites.  

Ligands bound at active targets in PDB crystal structures can generally help identify 

and analyze binding positions. For this purpose, identification of active sites on targets (except 

for NPC1L1) and determination of their properties (including size and location of binding sites) 

were carried out by DSV software (Table 2) [27]. However, no X-ray crystallographic structure 

has been previously reported for Homo sapiens NPC1L1 complexed with a ligand (an 

inhibitor). Therefore, the active site prediction was performed using Molegro Virtual Docker 

software (v.2013.6.0.1) [35].  

2.1.4. Docking process. 

Initially, docking protocol was validated for each target and its crystallographic ligand 

by the redocking process. In cases where root mean square deviation (RMSD) was less than 2 

(Table 2), the docking process was performed using AutoDock Vina software (v.1.1.2) [36]. 

For simplification, default settings were implemented in validation and screening simulation. 

After docking, conformations were analyzed for binding affinity [28]. The modes of 

interactions between ligands and targets were studied and visualized using DSV software [27]. 

Orlistate, atorvastatin, fenofibrate, and ezetimibe were used as controls to compare their 

interactions with the screened OSCs. 

2.2. In-silico pharmacokinetic study. 

Chemical structures of OSCs in Canonical SMILES format were downloaded from 

PubChem database. Then, they were inserted as input in the SwissADME website to compute 
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and anticipate their pharmacokinetics profiles [including absorption (A), distribution (D), 

metabolism (M), and excretion (E) or ADME] [37].  

3. Results  

3.1. Antihyperlipidemic activities of garlic-derived OSCs.  

In this investigation, hypolipidemic activities of 25 major OSCs identified in various 

garlic products were virtually studied against 4 hyperlipidemia targets. All the OSCs exhibited 

negative binding energy, meaning that they have an affinity for protein targets. However, this 

affinity was variable with each target. Binding energy range of the OSCs with pancreatic lipase, 

HMG-CoA reductase, PPAR-α, and NPC1L1 was from -2.5 to -6.2 Kcal/mol, -2.2 - -5.1 

Kcal/mol, -2.3 - -5.7 Kcal/mol, and -2.5 - -6.5 Kcal/mol, respectively (Table 3). In addition, a 

comparison of the interactions between the top three OSCs-targets in poses with ligands-targets 

interactions in PDB crystal structures showed that OSCs bind at the desired binding pockets. 

However, the number and type of interactions should be considered to influence the binding 

affinity of ligands for targets. 

Table 3. Binding energy values of the OSCs against therapeutic targets of hyperlipidemia. 

Ligand no. Name Binding energy (Kcal/mol) 

  Pancreatic 

lipase 

HMG CoA 

reductase 

PPAR-α NPC1L1 

01 S-Allylcysteine sulfoxide (Alliin) -4.9 -4.3 -4.8 -5.4 

02 γ-Glutamyl-S-trans-1-propenylcysteine -6.1 -4.9 -5.5 -6.5 

03 γ-Glutamyl-S-allylcysteine -6.2 -5.1 -5.7 -6.2 

04 S-trans-1-Propenylcysteine sulfoxide 

(Isoalliin) 

-5.1 -4.5 -4.9 -5.7 

05 S-Methylcysteine sulfoxide (Mettiin) -4.6 -3.8 -4.1 -4.8 

06 γ-Glutamyl-S-methylcysteine -6.2 -4.8 -5.3 -6.2 

07 Diallyl thiosulfinate (Allicin) -4.3 -3.4 -4.4 -4.6 

08 Methyl allyl thiosulfinate -3.6 -3.1 -3.9 -4.0 

09  1-Propenyl allyl thiosulfinate -3.6 -3.6 -4.6 -4.6 

010 S-trans-1-Propenylcysteine -5.0 -4.4 -4.5 -5.1 

011 S-Allylcysteine -4.7 -4.3 -4.4 -5.0 

012 S-Allylmercaptocysteine -4.9 -3.9 -4.5 -5.1 

013 Diallyl disulfide -3.8 -3.2 -3.9 -3.9 

014 Diallyl trisulfide -4.0 -3.1 -4.0 -4.1 

015 Allyl methyl trisulfide -3.5 -2.8 -3.5 -3.5 

016 Allyl methyl disulfide -3.2 -2.6 -3.3 -3.3 

017 Diallyl tetrasulfide -4.1 -3.0 -4.0 -4.1 

018 Allyl methyl tetrasulfide -3.7 -3.0 -3.7 -3.6 

019 Dimethyl trisulfide -2.5 -2.2 -2.3 -2.6 

020 Diallyl sulfide -3.8 -3.0 -3.7 -3.6 

021 E-Ajoene -5.1 -3.4 -4.9 -5.2 

022 Z-Ajoene -5.0 -3.5 -4.9 -5.2 

023 2-Vinyl-4-H-1,3-dithiin -4.2 -3.4 -4.2 -4.4 

024 3-Vinyl-4-H-1,2-dithiin -4.2 -3.5 -4.5 -4.5 

025 S-Methylcysteine -4.3 -3.4 -3.9 -4.4 

 

Among 25 studied OSCs, γ-glutamyl-S-allylcysteine (-5.1 Kcal/mol), γ-glutamyl-S-

trans-1-propenylcysteine (-4.9 Kcal/mol), and γ-glutamyl-S-methylcysteine (-4.8 Kcal/mol) 

demonstrated a stronger binding affinity for the HMG-CoA reductase. They could create a 

network of molecular interactions with various residues at the active site (Table 4 and Figure 

2).  
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Table 4. Main molecular interactions of top three OSCs with HMG-CoA reductase. 

Compound Binding 

energy 

(Kcal/mol) 

Interactions 

Hydrogen bond Van der Waals Alkyl Pi-cation/ 

anion 

Pi-sigma Attractive 

charge 

γ-Glutamyl-S-trans-

1-propenylcysteine 

(02) 

-4.9 Cys 526, Gly 

765, Gln 766, Gly 

808 

Met 655, Gly 656, 

Asn 658, Ile 802, 

Gly 803, Gly 806,  

Gly 807, Thr 809   

- - - Asp 767 

γ-Glutamyl-S-

allylcysteine  (03) 

-5.1 Met 655, Gly 

656, Asn 658, 

Lys 691 

Arg 590, Ala 654, 

Met 657, Met 659, 

Asp 690, Gly 765, 

Gln 766, Gln 770, 

Gly 806, Gly 807, 

Gly 808, Thr 809  

Met 655 - - - 

γ-Glutamyl-S-

methylcysteine (06) 

-4.8 Gly 765, Asp 767 Cys 526, Ala 654, 

Gly 656, Lys 691, 

Gln 766, Ile 802, 

Gly 803, Val 805, 

Gly 806, Gly 807, 

Gly 808, Thr 809 

Met 655 - - - 

Atorvastatin 

(control) 

-6.0 Arg 590, Ser 684, 

Asp 690, Lys 

691, Asp 767  

Cys 526, Asn 658, 

Lys 692, Gly 765, 

Gln 766, Gly 808, 

Thr 809  

Met 657 Lys 691, 

Asp 767 

Met 655, 

Gly 806, 

Gly 807 

- 

Fluvastatin 

(crystallography 

ligand) 

- Arg 590, Ser 684, 

Asp 690, Lys 

691,  Lys 692 

Ser 661, Val 683, 

Asn 686 

- - - - 

Fluvastatin

02 03 06

 
Figure 2. 2D interactions of top three OSCs against HMG-CoA reductase. 

The docking results for OSCs tested against pancreatic lipase exhibited that γ-

Glutamyl-S-allylcysteine (-6.2 Kcal/mol), γ-glutamyl-S-methylcysteine (-6.2 Kcal/mol), and 

γ-glutamyl-S-trans-1-propenylcysteine (-6.1 Kcal/mol) bind more efficiently to the enzyme. 

They could establish different types of interactions with several residues at the catalytic site 

(Table 5 and Figure 3). 
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Table 5. Main molecular interactions of top three OSCs with pancreatic lipase. 

Compound Binding 

energy 

(Kcal/mol) 

Interactions 

Covalent 

bond 

Hydrogen bond Van der Waals Alkyl Pi-sigma 

γ-Glutamyl-S-

trans-1-

propenylcystein

e (02) 

-6.1 - Phe 77, Ser 152 His 75, Gly 76, 

Asp 79, Tyr 114, 

His 151, Leu 153, 

Ala 178, Glu 179, 

Pro 180, Ile 209, 

Arg 256, Ala 259, 

His 263, Leu 264,     

Ile 78 - 

γ-Glutamyl-S-

allylcysteine  

(03) 

-6.2 - Phe 77, His 151, 

Ser 152, Phe 215 

Gly 76, Ile 78,   

Asp 79, Tyr 114, 

Leu, 153, Ala 

178, Glu 179, Ile 

209, Gly 216, His 

263 

Arg 256, Ala 

259, Ala 260, 

Leu 264 

- 

γ-Glutamyl-S-

methylcysteine 

(06) 

-6.2 - Phe 77, Asp 79, 

His 151, Ser 152, 

Phe 215  

His 75, Gly 76,  

Trp 85, Tyr 114, 

Leu 153, Ala 178, 

Glu 179, Pro 180, 

Gly 216, Arg 

256, Ala 260, Leu 

264  

Ile 78 - 

Orlistate 

(control) 

-6.8 - Gly 76, Phe 77, 

His 151, Ser 152,  

Leu 153, Ala 260, 

His 263,  

Asp 79, Ala 178, 

Arg 256, Ala 259, 

Ala 260, Leu 264 

Phe 77, Ile 

78, Tyr 114, 

Pro 180, Ile 

209  

Tyr 114 

Methoxyundecyl

phosphinic acid 

(crystallography 

ligand) 

_ Ser 152 Phe 77, Leu 153 Gly 76, Tyr 114, 

Ser 152, Ala 178, 

Glu 179, Pro 180, 

Ile 209, Leu 213,   

His 151, Phe 

215, His 263 

- 

Methoxyundecyl phosphonic acid

02 03 06

 
Figure 3. 2D interactions of top three OSCs against pancreatic lipase. 

Among 25 studied OSCs, 3 compounds including γ-glutamyl-S-allylcysteine (-5.7 

Kcal/mol), γ-glutamyl-S-trans-1-propenylcysteine (-5.5 Kcal/mol), and γ-glutamyl-S-

methylcysteine (-5.3 Kcal/mol) showed the lowest binding energy values with PPAR-α. They 
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could form several types of interactions with the residues at the binding pocket (Table 6 and 

Figure 4). 

Table 6. Main molecular interactions of top three OSCs with PPAR-α. 

Compound Binding 

energy 

(Kcal/mol) 

Interactions 

Hydrogen 

bond 

Van der Waals Alkyl Pi-sigma 

γ-Glutamyl-S-trans-

1-propenylcysteine 

(02) 

-5.5 Glu 251, Arg 

271 

Ile 241, Leu 247, Ala 250, 

Leu 254, Leu 258, Ile 263, 

Lys 266, His 274, Cys 

275, Val 332 

Val 255, Ala 333   - 

γ-Glutamyl-S-

allylcysteine  (03) 

-5.7 Ser 280, Thr 

283 

Cys 275, Gln 277, Thr 

279, Tyr 314, Ile 317, Phe 

318, Leu 321, Val 324, 

Leu 331, Met 355, His 

440, Tyr 464  

Cys 276, Met 330, Val 332,  - 

γ-Glutamyl-S-

methylcysteine (06) 

-5.3 Ser 280, Tyr 

314, Tyr 464  

Cys 276, Gln 277, Thr 

279, Ile 317, Phe 318, Leu 

321, Met 355, His 440, 

Leu 460 

Phe 273, Ile 354, Val 444,  - 

Fenofibrate 

(control) 

-7.5 - Glu 251, Leu 254, Glu 

282 

Ile 241, Leu 247, Ala 250, 

Ile 272, Cys 275, Cys 278, 

Val 332, Ala 333, Tyr 334, 

Ile 339 

Val 255 

Pirinixic acid (or 

WY14643) 

(crystallography 

ligand) 

- Glu 251, His 

274, Cys 278 

Leu 254, Val 255, Lys 266 Ile 241, Leu 247, Leu 258, 

Ile 263, Arg 271, Ile 272, 

Cys 275, Val 332 

- 

Pirinixic acid (WY14643)

02 03 06

 
Figure 4. 2D interactions of top three OSCs against PPAR- α. 

Results of molecular docking analysis of the OSCs studied against NPC1L1 indicated 

that γ-glutamyl-S-trans-1-propenylcysteine (-6.5 Kcal/mol), γ-glutamyl-S-allylcysteine (-6.2 

Kcal/mol), and γ-glutamyl-S-methylcysteine (-6.2 Kcal/mol) have the greatest affinity for the 

selected target. They could make numerous molecular interactions with the active site residues 

(Table 7 and Figure 5).  

Table 7. Main molecular interactions of top three OSCs with NPC1L1. 
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Compound Binding 

energy 

(Kcal/mol) 

Interactions 

Hydrogen bond Van der Waals Alkyl Halogen Pi-Sigma 

γ-Glutamyl-S-trans-

1-propenylcysteine 

(02) 

-6.5 Asn 54, Ser 56, Ser 

102, His 124, Thr 

128, Tyr 156 

Ser 53, Val 55, Ser 

98, Gln 95, Phe 120, 

Asn 127, Ala 214, 

Pro 215, Leu 216, Ile 

218,   

Leu 103, Leu 

213  

- - 

γ-Glutamyl-S-

allylcysteine  (03) 

-6.2 Glu 38, Ser 56, Ser 

102, His 124, Thr 

128 

Phe 35, Ser 53, Asn 

54, Val 55, Gln 95, 

Ser 98,  Asn 127, Tyr 

156, Ala 214, Leu 

216, Pro 215, Ile 218,  

Leu 103, Phe 

120, Leu 213 

- His 124 

γ-Glutamyl-S-

methylcysteine (06) 

-6.2 Glu 38, Asn 54, Ser 

56, Ser 102, His 124 

Ser 53, Val 55, Gln 

95, Ser 98, Leu 103, 

Asn 127, Thr 128, 

Tyr 156, Gln 206, 

Leu 216, Ile 218 

His 124, Leu 

213, Ala 214, 

Pro 215,  

 

- - 

Ezetimibe (control) -6.7 Ser 53, Ser 102, Thr 

106 

Leu 49, Met 50, Thr 

51, Leu 103, Phe 

120, Phe 205, Asn 

211, Pro 215   

- Thr 187 Ile 105, 

Leu 213 

Crystallography 

ligand 

- - - -  - 

 

02

03

06

 
Figure 5. 2D interactions of top three OSCs against NPC1L1. 

3.2. ADME analysis. 

The ADME analysis provides a preliminary assessment of how the body will act in 

response to a compound. For this purpose, this study was performed on the OSCs investigated 

in this work, and several properties, such as gastrointestinal (GI) absorption, blood-brain barrier 

permeation, interaction with P-glycoprotein (P-gp), and inhibition of cytochrome P450 

isoforms were predicted. The results of which are presented in Table 8. Based on the presented 

predictions, most compounds had an acceptable range of ADME properties.  
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Table 8. Predicted pharmacokinetics properties of the OSCs. 

Ligand 

no. 

Molecular 

formula 

Name GI 

absorption 

BBB 

permeation 

P-gp 

substrate 

CYP1A2 

inhibitor 

CYP2C19 

inhibitor 

CYP2C9 

inhibitor 

CYP2D6 

inhibitor 

CYP3A4 

inhibitor 

01 C6H11NO3S S-Allylcysteine sulfoxide  High No No No No No No No 

02 C11H18N2O5S γ-Glutamyl-S-trans-1-

propenylcysteine 

Low No No No No No No No 

03 C11H18N2O5S γ-Glutamyl-S-allylcysteine Low No No No No No No No 

04 C6H11NO3S S-trans-1-Propenylcysteine 

sulfoxide  

High No No No No No No No 

05 C4H9NO3S S-Methylcysteine sulfoxide  High No No No No No No No 

06 C9H16N2O5S γ-Glutamyl-S-

methylcysteine 

Low No No No No No No No 

07 C6H10OS2 Diallyl thiosulfinate  High Yes No No No No No No 

08 C4H8OS2 Methyl allyl thiosulfinate High Yes No No No No No No 

09 C6H10OS2 1-Propenyl allyl 

thiosulfinate 

High Yes No No No No No No 

010 C6H11NO2S S-trans-1-Propenylcysteine High No No No No No No No 

011 C6H11NO2S S-Allylcysteine High No No No No No No No 

012 C6H11NO2S2 S-Allylmercaptocysteine High No No No No No No No 

013 C6H10S2 Diallyl disulfide High Yes No No No No No No 

014 C6H10S3 Diallyl trisulfide High Yes No No No No No No 

015 C4H8S3 Allyl methyl trisulfide High Yes No No No No No No 

016 C4H8S2 Allyl methyl disulfide High Yes No No No No No No 

017 C6H10S4 Diallyl tetrasulfide High No No No No Yes No No 

018 C4H8S4 Allyl methyl tetrasulfide High No No No No Yes No No 

019 C2H6S3 Dimethyl trisulfide High Yes No No No No No No 

020 C6H10S Diallyl sulfide High Yes No No No No No No 

021 C9H14OS3 E-Ajoene High No No No No Yes No No 

022 C9H14OS3 Z-Ajoene High No No No No Yes No No 

023 C6H8S2 2-Vinyl-4-H-1,3-dithiin High Yes No No No No No No 

024 C6H8S2 3-Vinyl-4-H-1,2-dithiin High Yes No No No No No No 

025 C4H9NO2S S-Methylcysteine High No No No No No No No 

GI absorption: gastrointestinal absorption; BBB permeation: blood-brain barrier permeation; P-gp substrate: P-glycoprotein substrate. 
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However, it was found that only γ-glutamyl-S-alk(en)ylcysteines (i.e., γ-glutamyl-S-

trans-1-propenylcysteine, γ-glutamyl-S-allylcysteine, and γ-glutamyl-S-methylcysteine) have 

low GI absorption. The results also showed that alk(en)yl alkene thiosulfinates [i.e., diallyl 

thiosulfinate, methyl allyl thiosulfinate, and 1-propenyl allyl thiosulfinate], vinyldithiins, and 

sulfide compounds (except for tetrasulfide compounds) are not able to cross the blood-brain 

barrier. On the other hand, it was determined that none of the OSCs acted as substrates for P-

glycoprotein and/or as efficient inhibitors for CYP450 isoforms other than ajoenes and 

tetrasulfide compounds for CYP2C9 isoform.  

4. Discussion 

Based on the above findings, γ-glutamyl-S-alk(en)ylcysteines have a higher affinity for 

all targets than the other OSCs. They are more flexible and have more hydrogen-bond acceptor 

and/or donor sites. Besides, there are S-alk(en)ylcysteine sulfoxides and, to some extent, 

ajoenes. These last two groups exhibited a moderate to a high binding affinity for the targets. 

However, it should be considered that ajoenes showed a relatively lower affinity for the enzyme 

HMG-CoA reductase compared to S-alk(en)ylcysteine sulfoxides. All the other OSCs 

displayed a low binding affinity for 4 targets. Furthermore, docking results indicated that 2 out 

of 4 targets, i.e., pancreatic lipase and NPC1L1 are potentially more susceptible targets to 

OSCs, especially γ-glutamyl-S-alk(en)ylcysteines. To the extent of my knowledge, only a few 

studies have explored the mechanism of the lipid-lowering action of garlic. According to the 

results of these studies, garlic act mainly by reducing the production of lipids, especially 

cholesterol [33,38-43]. From a pharmacokinetic point of view, it has been found that the OSCs 

in garlic are extensively metabolized in the body (after gastrointestinal absorption) and 

transformed into other sulfur compounds [44-48]. 

According to the results of the present study, on the one hand, some OSCs from garlic 

(mainly γ-glutamyl-S-alk(en)ylcysteines and, to a lesser extent S-alk(en)ylcysteine sulfoxides 

and ajoenes) have antihyperlipidemic activities through different mechanisms, especially 

inhibition of pancreatic lipase and NPC1L1. On the other hand, GI absorption of γ-glutamyl-

S-alk(en)ylcysteines is relatively low. Then, it can be inferred that a significant part of 

antihyperlipidemic activities of garlic products may be locally exerted in the intestinal lumen. 

Also, it seems that the products containing fresh whole garlic, thermal dehydrated garlic, and 

freeze-dried garlic products may possess more antihyperlipidemic activities due to the higher 

levels of γ-glutamyl-S-alk(en)ylcysteines and, to some extent, S-alk(en)ylcysteine sulfoxides 

considering the chemical structure of sulfur compounds in different garlic products.  

5. Conclusions 

In this investigation, the OSCs present in different garlic products was virtually studied 

for antihyperlipidemic activities against various therapeutic targets of hyperlipidemia, 

including pancreatic lipase, HMG-CoA reductase, PPAR-α, and NPC1L1. Initially, 25 OSCs 

were studied based on their binding affinity for the 4 above-mentioned targets. Then, they were 

tested for their pharmacokinetic properties. Among the screened OSCs, γ-glutamyl-S-

alk(en)ylcysteines displayed the highest binding affinity for all targets, especially pancreatic 

lipase and NPC1L1. On the contrary, their GI absorption was low, suggesting that, firstly, a 

substantial part of antihyperlipidemic activities of garlic products are probably exerted directly 

in the intestinal lumen, and secondly, fresh whole garlic, thermal dehydrated garlic, and freeze-
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dried garlic products may have more antihyperlipidemic activities due to their higher levels of 

γ-glutamyl-S-alk(en)ylcysteines. 
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