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ABSRTACT 

The search for natural treatment of gastric ulcers continues to attract the attention of researchers, due to the side effects of the existing synthetic 

antiulcer agents. The aim of this study was to examine the in silico inhibitory effects of Archachatina marginata slime on Helicobacter pylori urease 

and gastric H+/K+-ATPase, which are implicated in the pathophysiology of gastric ulcer. We identified the bioactive constituents of pulverized A. 

marginata slime using gas chromatography–mass spectrometry (GC –MS), and the identified ligands were docked using PyRx and BIOVIA Discovery 

Studio. The pharmacokinetics (ADME) and physicochemical properties of hit ligands were predicted using SwissADME, and their toxicity was 

assessed using pkCSM. The extracted snail slime, upon identification by GC-MS, showed twenty-three (23) peaks, corresponding to forty-three (43) 

compounds. Phenol, 2,6-bis(1,1-dimethylethyl)- (P26BD), benzaldehyde, 3,5-dimethyl- (BAD), 4-butyl-5-(3-methylbutyl)-6-(1-methylethenyl)-2H-

pyran-2-one (BHP), spiro [2.5] octane, 3,3-dimethyl-2-(1-buten-3-on-1-yl)- (SODB), and cedranoxide, 8,14- (CO) had higher binding affinity against 

urease (-7.4, -5.7, -6.5, -6.4 and -6.3 kcal/mol, respectively) than the standard inhibitor, N-(n-butyl) thiophosphoric triamide (NBPT) (-4.7 kcal/mol). 

Of all the forty-three (43) ligands, phenol, 2,4-bis(1,1-dimethylethyl)- (P24BD) with -7.4 kcal/mol) showed a predicted binding affinity close to that 

of the control (Omeprazole with -7.8 kcal/mol binding affinity). Phenol, 2,6-bis(1,1-dimethylethyl)- (P26BD) showed a higher binding affinity against 

H+/K+-ATPase (-8.0 kcal/mol) than the omeprazole (-7.89 kcal/mol), a potent proton pump inhibitor. Thus, these compounds may be potent in the 

treatment of gastric ulcers, since they have demonstrated strong docking affinities against the proteins implicated in gastric ulceration. 
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Introduction  

Peptic ulcer disease (PUD) is a gastrointestinal disorder 

characterized by mucosal break in the stomach or duodenum.1 PUD is 

classified into duodenal and gastric ulcers, depending on the location of 

the ulceration. The symptoms of gastric ulcers include pain, nausea, 

vomiting, and weight loss.2 Helicobacter pylori, a Gram-negative 

bacterium, is a major factor that causes chronic inflammation (60% of 

gastric and up to 90% of duodenal ulcers), by colonizing the antral 

mucosa, leading to peptic ulcer.3 In H. pylori-associated gastric ulcer, 

the bacteria contribute to the stimulation of gastric acid production via 

the action of gastrin, a gastric acid-stimulating hormone secreted by the 

parietal cells present in the stomach.4  
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The acid then contributes to the erosion of the mucosa.3 By releasing 

urease, an enzyme that degrades urea into ammonia, H. pylori can resist 

the acidity of the stomach.5 The ammonia produced neutralizes the 

stomach acid , thereby enabling survival and colonization of the 

bacteria.5 This suggests that inhibition of urease may eradicate H. pylori, 

and consequently reduce ulceration due to the bacteria infection.6 

Gastric acid secretion has also been implicated in ulceration,7 as it 

causes erosion or lesions in the stomach.3 H+/K+-ATPase (proton pump) 

catalyzes the production of acid in the stomach and a decrease in its 

activity may ameliorate the ulceration that stems from hypersecretion of 

gastric acid. Proton pump inhibitors (PPIs), antiulcer agents, are 

prodrugs activated by acid; once activated, they bind covalently to the 

gastric H⁺/K⁺-ATPase via disulfide bonds, thereby reducing its activity.8 

However, the use of these drugs has been reported to cause serious side 

effects such as impotence, headache, skin rash, arrhythmias, and 

atrophic gastritis.9 This necessitates the search for safer treatments for 

gastric ulcers. To this effect, active compound(s) from Archachatina 

marginata slime may offer a suitable option for the efficacious 

treatment of gastric ulcer, with little or no side effects. Molecular 

docking is a bioinformatics tool used to virtually screen bioactive 

compounds from a pool of chemicals by identifying potential inhibitors. 

Docking simulates the interactions between a ligand and a protein, 

calculates their binding energies, and predicts the binding of a 

compound to a pharmacological target, such as an enzyme.6 Therefore, 

the aim of this study was to examine the in silico inhibitory effect of 
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Archachatina marginata slime on H. pylori urease and H+/K+-ATPase 

to provide predictive insight into alternative, safer, and more potent H. 

pylori eradication and proton pump inhibition strategies for the 

treatment of gastric ulcers (GU). 

 

Materials and Methods 

Thirty-five specimens of Archachatina marginata snails were obtained 

in Magaji Ogo Village, Adewole, Ilorin, Nigeria (latitude 8.49664 and 

longitude 4.54214). Acetone of analytical grade (≥ 99.5 % purity) was 

purchased from Sigma-Aldrich (St. Louis, MO, USA). A freeze-dryer 

(Labconco, Kansas City, MO, USA) was used for sample processing. 

GC-MS/MS analysis was performed using a Finnigan Trace DSQ GC-

MS system (Thermo Fisher Scientific, Waltham, MA, USA) with NIST 

Library Software (Gaithersburg, MD, USA). Crystal structures of 

Helicobacter pylori urease (PDB ID: 1e9z) and human H⁺/K⁺-ATPase 

(PDB ID: 5ylv) were retrieved from the Protein Data Bank (RCSB, 

Piscataway, NJ, USA). PyRx version 0.8 (The Scripps Research 

Institute, USA) was used for docking. Canonical SMILES of bioactive 

compounds and standard inhibitors were retrieved from PubChem 

(NIH, Bethesda, MD, USA). In silico pharmacokinetic and toxicity 

predictions were conducted using SwissADME (Swiss Institute of 

Bioinformatics, Lausanne, Switzerland) and pkCSM (University of 

Queensland, Brisbane, Australia). 

 

Preparation of Snail Slime Extract 

Preparation of snail slime extract was carried out according to the 

method described by Nwodo et al.10 The snails were washed with clean 

water to remove dirt and dust from their shells. Then the inner contents 

of the snails were mechanically separated from the shells by removing 

the body from which the excretory material was collected. The fleshy 

parts were then placed in 200 mL of water and were washed until the 

snail mucin was washed off. The mixture was precipitated using chilled 

acetone at a ratio of 4:1 (v/v, acetone: sample mixture), and the 

precipitate was freeze-dried to obtain greyish-brown dry flakes of snail 

slime. The flakes were then pulverized into powder, bottled and stored 

in a refrigerator. 

 

GC-MS/MS Analysis of Extracted Snail Slime  

The GC-MS of A. marginata mucin was carried out using the method 

described by Ibrahim et al.11 Identification was based on comparison 

with the MS computer library (NIST Software Package, Finnigan) and 

on the respective retention indices. 

 

Molecular Docking of Identified Compounds against Urease and 

H+/k+-ATPase 

The method reported by Rahman et al.12 was used for the docking of the 

compounds identified from A. marginata slime against the target 

proteins Helicobacter pylori urease (PDB ID: 1e9z) and human H+/K+-

ATPase (PDB ID: 5ylv). BIOVIA Discovery Studio was used to remove 

the heteroatoms and water molecules from the proteins, leaving only 

chains containing the active sites. Thereafter, the ligands and the target 

protein (each of the enzymes) were uploaded into the virtual screening 

program PyRx. The target proteins were converted into pdbqt format. 

N-(n-butyl) thiophosphoric triamide was used as the standard inhibitor 

of urease while omeprazole was used for human H+/K+-ATPase, and the 

standard inhibitors were docked along with the test ligands. To perform 

molecular docking, the grid boxes for the two proteins were centered on 

the crystal structures and all other parameters were left as default. The 

energy of the ligands was minimized. BIOVIA Discovery Studio (2020 

version) was employed to explore detailed amino acids involved in the 

interactions between the ligands and the enzymes. The most favorable 

binding poses of the ligands were analyzed by choosing the lowest free 

energy of binding (ΔG). For each protein, the ligands having close or 

higher binding affinities were selected and reported. 

 

Evaluation of in silico Pharmacokinetics Parameters (ADMET) of Hit 

Compounds  

In silico ADMET screening (Absorption, Distribution, Metabolism, 

Excretion and Toxicity) helps to predict pharmacokinetic properties and 

toxicities using SwissADME web server (https://www.swissadme.ch/). 

The web address was launched in Google Chrome, and the canonical 

smiles of the hit compounds downloaded from PubChem were pasted 

into the SwissADME dialogue box to run the ADME prediction. The 

toxicity of ligands was predicted using pkCSM web server 

(https://www.biosig.lab.uq.edu.au/). The physicochemical properties of 

the hit compounds were obtained using the SwissADME server used for 

ADME prediction. 

 

Results and Discussion 

This study identified the major bioactive constituents of A. marginata 

slime and evaluated their inhibitory potential against urease and H⁺/K⁺-

ATPase using molecular docking and in silico pharmacokinetics. 

Because H. pylori eradication remains clinically important, ¹³ this study 

examined whether dual inhibition of urease and H⁺/K⁺-ATPase, which 

has been previously shown to provide antiulcer benefit, ¹⁴ could be 

achieved by slime-derived compounds. In the present study, snail slime, 

upon analysis by GC-MS, showed twenty-three (23) peaks (Figure 1) 

corresponding to forty-three (43) compounds (Table 1).  The identified 

slime constituents exhibited in silico inhibitory potential against both 

urease and H⁺/K⁺-ATPase. This strategy offers an alternative avenue in 

anti-ulcer therapy, consistent with evidence that current regimens 

remain incomplete.15 Previous in vivo findings also support anti-ulcer 

activity of A. marginata slime, reinforcing its biological relevance.10,16 

In this study, the docking scores indicated the strength and stability of 

ligand–enzyme interactions which are important in drug discovery.17 

This provides useful preliminary data for structure-based drug design.18 

Phenol, 2,6-bis(1,1-dimethylethyl)- (P26BD), benzaldehyde, 3,5-

dimethyl- (BAD), 4-butyl-5-(3-methylbutyl)-6-(1-methylethenyl)-2H-

pyran-2-one (BHP), spiro [2.5] octane, 3,3-dimethyl-2-(1-buten-3-on-

1-yl)- (SODB), and cedranoxide, 8,14- (CO) had higher binding affinity 

(-7.4, -5.7, -6.5, -6.4 and -6.3 kcal/mol, respectively) than the standard 

inhibitor, N-(n-butyl) thiophosphoric triamide (NBPT) (-4.7 kcal/mol), 

against urease (figure 2).  

As shown by their predicted binding energy, phenol, 2,6-bis(1,1-

dimethylethyl)- (P26BD), benzaldehyde, 3,5-dimethyl- (BAD), 4-

butyl-5-(3-methylbutyl)-6-(1-methylethenyl)-2H-pyran-2-one (BHP), 

spiro [2.5] octane, 3,3-dimethyl-2-(1-buten-3-on-1-yl)- (SODB), and 

cedranoxide, 8,14- (CO) had more inhibitory effects on urease than the 

standard inhibitor, N-(n-butyl) thiophosphoric triamide (NBPT). More 

negative binding energies generally reflect stronger and more stable 

ligand–protein interactions.19 This implies that P26BD, BAD, BHP, 

SODB and CO are potential drug candidates for eradication of H. pylori 

infection due to their exhibited in silico inhibitory effects on urease, an 

enzyme needed by the bacteria to survive.15 However, the 

pharmacokinetics of the compounds should be taken into consideration, 

as this will reveal whether they may be useful in anti-ulcer drug 

discovery or not. 

Proton pump inhibitors act by blocking H⁺/K⁺-ATPase, thereby 

reducing gastric acid output.20 The present study has examined the 

inhibitory effects of bioactive compounds obtained from A. marginata 

slime on H+/K+- ATPase. Of all the forty-three (43) ligands, phenol, 2,4-

bis(1,1-dimethylethyl)- (P24BD, with -7.4 kcal/mol binding affinity) 

showed a predicted binding affinity against proton pump close to that 

of the control (Omeprazole with -7.8 kcal/mol binding affinity). Phenol, 

2,6-bis(1,1-dimethylethyl)- (P26BD) showed a higher binding affinity 

(-8.0 kcal/mol) than the omeprazole (figure 3). 

N-(n-butyl) thiophosphoric triamide was anchored via an ionic 

interaction between its phosphorus moiety and GLU B:313 (Figure 4). 

It also formed a hydrogen bond with PRO B:302 and hydrophobic (π-

alkyl) contacts with PRO B:305 and VAL B:560, fixing the ligand 

within the active site. Phenol, 2,4-bis(1,1-dimethylethyl)- bound via π–

π stacking with PHE B:454 and hydrophobic/π-alkyl contacts involving 

its tert-butyl groups with PHE B:454, ALA B:480, ALA B:485, and 

ALA B:489 (Figure 5). Additional stabilization was imparted through a 

hydrogen bond with LYS B:394 and a π-anion interaction with GLU 

B:33, along with hydrophobic contacts with HIS B:34. The phenol, 2,6-

bis(1,1-dimethylethyl)- binding is through strong polar and electrostatic 

forces. The phenolic OH participates in a crucial hydrogen bond with 

LYS B:394.  

 

https://www.swissadme.ch/
https://www.biosig.lab.uq.edu.au/
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Table 1: GC-MS Analysis Results of Snail Slime 
S/N Peak Compound Name Retention 

Time 

Area (%) 

1 1 Cyclotrisiloxane, hexamethyl- 3.665 0.31 

2 2 Benzaldehyde, 2-methyl- 8.032 0.99 

3 2 Benzaldehyde, 4-methyl- 8.032 0.99 

4 3 Benzaldehyde, 3-methyl- 8.285 0.51 

5 4 Benzaldehyde, 3,5-dimethyl- 9.665 1.27 

6 4 1H-Inden-5-ol, 2,3-dihydro- 9.665 1.27 

7 4 Benzaldehyde, 3,4-dimethyl- 9.665 1.27 

8 5 Benzaldehyde, 4-ethyl- 9.835 0.74 

9 5 Isophthalaldehyde 9.835 0.74 

10 6 Phenol, 2,4-bis(1,1-dimethylethyl) 11.243 0.59 

11 6 Phenol, 2,6-bis(1,1-dimethylethyl) 11.243 0.59 

12 6 Ethyl 4-t-butylbenzoate 11.243 0.59 

13 7 4-Butyl-5-(3-methylbutyl)-6-(1-methylethenyl)-2H-pyran-2-one 11.440 0.60 

14 7 Spiro[2.5]octane, 3,3-dimethyl-2-(1-buten-3-on-1-yl)- 11.440 0.60 

15 7 Cedranoxide, 8,14- 11.440 0.60 

16 9 4-Amino-7-diethylamino-chromen-2-one 12.511 10.75 

17 9 Silane, methylidynetris[trimethyl- 12.511 10.75 

18 9 p-Octylacetophenone 12.511 10.75 

19 10 Z-11-Pentadecenal 13.018 0.98 

20 10 1-Octadecene 13.018 0.98 

21 10 Oleic Acid 13.018 0.98 

22 11 cis-11-Hexadecenal 13.159 0.44 

23 11 13-Tetradecenal 13.159 0.44 

24 12 cis-Vaccenic acid 13.497 2.88 

25 13 trans-13-Octadecenoic acid 14.060 6.13 

26 13 Oleyl alcohol, trifluoroacetate 14.060 6.13 

27 14 18-Nonadecenoic acid 14.201 1.36 

28 14 2-Tetradecanol 14.201 1.36 

29 15 Z-(13,14-Epoxy) tetradec-11-en-1-ol acetate 14.398 2.65 

30 15 cis-9-Hexadecenoic acid 14.398 2.65 

31 16 Cyclopentadecanone, 2-hydroxy- 14.623 2.09 

32 17 Butyl 9-octadecenoate or 9-18:1 14.877 1.41 

33 17 Nonadecane 14.877 1.41 

34 18 9-Octadecenoic acid, (E)- 15.159 9.47 

35 19 3-Octadecene, (E)- 15.553 2.94 

36 19 2- Chloropropionic acid, hexadecyl ester 15.553 2.94 

37 19 Hexadecane, 1-(ethenyloxy)- 15.553 2.94 

38 20 Octadecane, 1-(ethenyloxy)- 16.088 3.17 

39 20 Nonadecanamide 16.088 3.17 

40 21 1-Nonadecene 16.370 1.41 

41 22 3-Eicosene, (E)- 16.680 2.89 

42 23 9-Octadecenamide, (Z)- 18.088 8.71 

43 23 9-Octadecenamide 18.088 8.71 
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Figure 1: GC-MS Chromatogram of A. marginata slime 
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Figure 2: Docking Results of Ligands against Urease 
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Figure 3: Docking Results of Ligands against H+/K+-ATPase 

 
Figure 4: Interaction between N-(n-butyl) thiophosphoric 

triamide and urease (A: 2D structure; B: 3D structure) 

 

 
 

Figure 5: Interaction between Phenol, 2,4-bis(1,1-

dimethylethyl)- and urease (A: 2D structure; B: 3D structure) 
 

The aromatic ring participates in a strong π-anion interaction with the 

carboxylate of GLU B:33. There is a less strong hydrophobic contact 

with HIS B:34, stabilizing the ligand in position (Figure 6). 

Furthermore, 4-Butyl-5-(3-methylbutyl)-6-(1-methylethenyl)-2H-

pyran-2-one was stabilized through one hydrogen bond involving its 

C=O and GLY B:91, while its alkyl groups made hydrophobic contacts 

with PHE B:454, ALA B:485, ALA B:489, and LEU B:68, thereby 

contributing to complex stabilization (Figure 7). Cedranoxide, 8,14- 

was bound by a hydrogen bond to ARG B:6 and hydrophobic 

interactions with TYR B:9, TYR B:39, and ILE B:4, with a polar anchor 

supplemented by extensive nonpolar interactions. (Figure 8). Spiro 

[2.5] octane, 3,3-dimethyl-2-(1-buten-3-on-1-yl)- was held in place 

mostly by hydrophobic forces. A hydrogen bond between its C=O and 

ILE B:4 and pi-alkyl and hydrophobic contacts with TYR B:9, TYR 

B:39, and ARG B:6 anchored the inhibitor (Figure 9).  

 

 
Figure 6: Interaction between Phenol, 2,6-bis(1,1-

dimethylethyl) and urease (A: 2D structure; B: 3D structure) 
 

Omeprazole, activated in acidic parietal cells, was sulfenamidated, 

forming covalent disulfide bonds (specifically with Cys813) on the 

H+/K+−ATPase α-subunit, irreversibly inhibiting acid secretion (Figure 

10). Phenol, 2,4-bis(1,1-dimethylethyl)- bound H+/K+−ATPase by 

hydrogen bonds between CYS A:927 and GLN A:919 (Figure 11), 

while phenol, 2,6-bis(1,1-dimethylethyl)- had mostly hydrophobic 

binding, stabilized by pi interactions with PHE A:818 and PHE A:988, 

and alkyl/pi-alkyl contacts with TYR A:140, LEU A:817, and CYS 

A:822 (Figure 12).  
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Figure 7: Interaction between 4-Butyl-5-(3-methylbutyl)-6-(1-

methylethenyl)-2H-pyran-2-one and urease (A: 2D structure; 

B: 3D structure) 

 

 
Figure 8: Interaction between Cedranoxide, 8,14- and urease 

(A: 2D structure; B: 3D structure) 

 

 
Figure 9: Interaction between Spiro [2.5] octane, 3,3-

dimethyl-2-(1-buten-3-on-1-yl)- and Urease (A: 2D structure; 

B: 3D structure) 
 

 
Figure 10: Interaction between omeprazole and H+/K+-ATPase 

(A: 2D structure; B: 3D structure) 

 

 
Figure 11: Interaction between Phenol, 2,4-bis(1,1-

dimethylethyl)- and H+/K+-ATPase (A: 2D structure; B: 3D 

structure) 

 
Figure 12: Interaction between Phenol, 2,6-bis(1,1-

dimethylethyl) and H+/K+-ATPase (A: 2D structure; B: 3D 

structure) 
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Phenolic compounds, particularly tert-butylated analogues, tend to 

capitalize on π–π stacking with aromatic residues and hydrogen bond 

interactions with charged amino acids like lysine and glutamate, a 

model of binding also highlighted in recent docking studies of 

polyphenolic phytoconstituents against gastric proton pumps and 

urease.21,22 Polar–aromatic interaction in 2,6-di-tert-butylphenol, where 

hydroxyl is engaged in hydrogen bonding and aromatic ring in π-anion 

interaction, is consistent with phenolic scaffold docking research 

showing enhanced stabilization within electrostatically charged 

catalytic sites.23 Sesquiterpenoid oxides such as cedranoxide 

demonstrate a bi-substrate mode of binding comprising polar contacts 

to arginine and extensive hydrophobic contacts with aromatic residues 

that support the emerging consensus that polar–nonpolar 

complementarity governs sesquiterpenoid stabilization in ulcer-related 

targets.24  

Any of these compounds with good pharmacokinetic screening results 

may be employed in the development of new proton pump inhibitor. 

The identified compounds showed different pharmacokinetic properties 

upon virtual prediction. Table 2 shows the pharmacokinetic parameters 

(absorption, distribution, metabolism, and excretion) of the hit bioactive 

constituents of A. marginata slime and standard inhibitors of urease and 

H+/K+-ATPase. ADMET prediction incorporated intestinal absorption, 

permeability, P-gp interaction, and BBB penetration parameters.25 The 

gastrointestinal absorption of all ligands was predicted to be high and 

only omeprazole was predicted as p-glycoprotein substrate. 4-Butyl-5-

(3-methylbutyl)-6-(1-methylethenyl)-2H-pyran-2-one, N-(n-butyl) 

thiophosphoric triamide and omeprazole were predicted not to be 

blood-brain barrier (BBB) permeant, while others were predicted as 

BBB permeant. Only 4-Butyl-5-(3-methylbutyl)-6-(1-methylethenyl)-

2H-pyran-2-one and N-(n-butyl) thiophosphoric triamide showed no in 

silico properties against the cytochrome P450 isozymes. Renal organic 

cation transporter 2 was exhibited by omeprazole and 4-Butyl-5-(3-

methylbutyl)-6-(1-methylethenyl)-2H-pyran-2-one only. Omeprazole 

and 4-Butyl-5-(3-methylbutyl)-6-(1-methylethenyl)-2H-pyran-2-one 

showed predictive hepatotoxicity. The present study has shown that the 

gastrointestinal absorption of omeprazole is high, and that it is a P-

glycoprotein substrate and it also skin permeant. The study also showed 

high gastrointestinal absorption and skin permeability of phenol, 2,6-

bis(1,1-dimethylethyl)-, but the ligand is not a P-glycoprotein substrate. 

This was also the case in benzaldehyde, 3,5-dimethyl- (BAD), 4-butyl-

5-(3-methylbutyl)-6-(1-methylethenyl)-2H-pyran-2-one (BHP), spiro 

[2.5] octane, 3,3-dimethyl-2-(1-buten-3-on-1-yl)- (SODB), 

cedranoxide, 8,14- (CO) and n-(n-butyl) thiophosphoric triamide 

(NBPT). In terms of distribution, omeprazole has proven not to be 

blood-brain barrier (BBB) permeant, and this may account for why the 

drug is usually recommended with other drugs that do not only enhance 

the BBB permeability of the drug but also enhance its metabolism by 

inducing the CYP 450 isozymes. The same was the case in NBPT and 

BHP. Contrarily, other ligands exhibited BBB permeability. 

Metabolism of the compounds was predicted based on the CYP models 

for substrate or inhibition of the isozymes (CYP2D6, CYP3A4, 

CYP1A2, CYP2C19, CYP2C9, CYP2D6, and CYP3A4).25 Among 

CYP enzymes relevant to drug metabolism, CYP3A4 is the most 

abundant and clinically significant isoform.26 Modulation of CYP3A4 

activity alters drug metabolic profiles and influences systemic 

exposure.27,28 Of all the ligands whose ADMET were predicted in this 

study, only omeprazole showed in silico inhibition of CYP3A4, and at 

doses higher than the maximum tolerated ones, the drug can be 

accumulated in the liver and lead to hepatotoxicity.28 Omeprazole 

showed inhibitory effects in silico on all CYP isozymes except 

CYP2C9. CYP1A2, which metabolizes caffeine, was also predicted to 

be inhibited by omeprazole. CYP1A2 inhibition may impair the 

metabolism of its substrates, including caffeine.29  

 

 

 

 

 

 

 

This may be accountable for advocacy against too much consumption 

of caffeine-containing foods by gastric ulcer patients who are on 

omeprazole medication. Moreover, caffeine contributes to etiology of 

gastric ulcer.3 Phenol, 2,6-bis(1,1-dimethylethyl)-, benzaldehyde, 3,5-

dimethyl- and cedranoxide, 8,14- are likely to behave like omeprazole 

(in terms of CYP1A2 inhibition) when they get developed as drugs due 

to the similarity in their predicted metabolism. 

There was an appreciable total clearance of omeprazole, and the drug is 

a renal OCT 2 substrate, thereby facilitating its elimination from the 

body. One of the ligands from A. marginata slime, 4-butyl-5-(3-

methylbutyl)-6-(1-methylethenyl)-2H-pyran-2-one (BHP), showed 

almost the same in silico excretory property with that of omeprazole. 

The remaining ligands were not predicted to be substrates of renal OCT 

2 but possess total clearances that project them as good drug candidates. 

At doses higher than the maximum tolerated doses, omeprazole has 

been predicted to be hepatotoxic. The same was the case of 4-butyl-5-

(3-methylbutyl)-6-(1-methylethenyl)-2H-pyran-2-one (BHP), but the 

remaining ligands were predicted as non-hepatotoxic.  

The binding affinity exhibited by benzaldehyde, 3,5-dimethyl- and 

spiro [2.5] octane, 3,3-dimethyl-2-(1-buten-3-on-1-yl)- and their 

positive predicted pharmacokinetics suggest that they may be employed 

in drug discovery for eradication of H. pylori due to their in silico 

inhibitory potentials on urease, an enzyme needed by the bacteria to 

survive.15 Considering the binding affinity exhibited by phenol, 2,4-

bis(1,1-dimethylethyl)-, with its positive predicted pharmacokinetics, it 

may be employed in drug discovery as an alternative to omeprazole, as 

it has shown inhibitory potentials on proton pump in silico. The 

solubility and lipophilicity of the hit compounds suggest good 

predictive physicochemical properties of a good drug candidate, since 

high solubility of a drug enables it to be readily absorbed in various sites 

of absorption in the body.30 

The physicochemical profiles of the compounds align with established 

drug-likeness criteria.31 Table 3 shows the physicochemical properties 

of the hit ligands, and those of the standard ligands. Phenol, 2,6-bis(1,1-

dimethylethyl)-, benzaldehyde, 3,5-dimethyl-, 4-butyl-5-(3-

methylbutyl)-6-(1-methylethenyl)-2H-pyran-2-one and phenol, 2,4-

bis(1,1-dimethylethyl)- were predicted as ‘moderately soluble’, while 

omeprazole, spiro [2.5] octane, 3,3-dimethyl-2-(1-buten-3-on-1-yl)- 

and cedranoxide, 8,14- were predictively soluble. N-(n-butyl) 

thiophosphoric triamide was predicted as ‘very soluble’. No ligand 

violated the Lipinski’s rule of five. 

Drug solubility strongly influences oral absorption and systemic 

availability.32 Phenol, 2,6-bis(1,1-dimethylethyl)-, benzaldehyde, 3,5-

dimethyl-, 4-butyl-5-(3-methylbutyl)-6-(1-methylethenyl)-2H-pyran-

2-one and phenol, 2,4-bis(1,1-dimethylethyl)- were predicted as 

moderately soluble, suggesting moderate absorption and bioavailability 

of the compounds. Omeprazole, spiro [2.5] octane, 3,3-dimethyl-2-(1-

buten-3-on-1-yl)-, and cedranoxide, 8,14- were predicted as soluble, 

while N-(n-butyl) thiophosphoric triamide was predicted as very 

soluble, implying that the ligands have high bioavailability and 

absorption. The predicted medicinal chemistry showed no alert for pan-

assay interference compounds (PAIN), and of all the ligands, only 

omeprazole, which was the standard used for docking the ligands 

against H+/K+-ATPase, showed lead-likeness. None of the ligands was 

predicted to violate the Lipinski rule of five. These promising docking 

scores and pharmacokinetics suggest that the compounds may be 

employed in drug discovery for eradication of H. pylori due to their in 

silico inhibitory potentials on urease. Amelioration of gastric ulcer by 

dual inhibition of urease and proton pump has also been supported by 

the findings of Alabi et al.33 The combined docking, pharmacokinetic, 

and physicochemical results support the potential of selected slime-

derived compounds as dual inhibitors of urease and H⁺/K⁺-ATPase. 
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Table 2: Pharmacokinetic Properties and Toxicity of the Hit Compounds 

 Omeprazole Phenol, 2,6-bis(1,1-

dimethylethyl)- 

Benzaldehyde, 3,5-

dimethyl- 

 

BHP SODB Cedranoxide, 

8,14- 

N-(n-butyl) thiophosphoric 

triamide 

Phenol, 2,4-bis(1,1-

dimethylethyl)- 

GIA High High High High High High High High 

Pg-Substrate + - - - - - - - 

BBB Perm. - + + - + + - + 

CYP1A2I + + + - - + - - 

CYP2C19I + - - - - + - - 

CYP2C9I - - - - - + - - 

CYP2D6I + + - - - - - + 

CYP3A4I + - - - - - - - 

R.OCT. + - - - + - - - 

HT + - - + - - - - 

GIA: Gastrointestinal absorption; pg-sub: P-glycoprotein substrate; BBB Perm: blood-brain barrier permeability; CYP1A2I: CYP1A2 Inhibitor; CYP2C19I: CYP2C19 Inhibitor; CYP2C9I 

CYP2C9 Inhibitor; CYP2D6I: CYP2D6 Inhibitor; CYP3A4I: CYP3A4 Inhibitor; R. OCT2: Renal OCT2; HT: Hepatotoxicity. 

 

 

Table 3: Physicochemical Properties and Drug likeness of Bioactive Components of A. marginata Slime extract 
S/N Compounds Water 

solubility 

(ESOL) 

Solubility 

Class 

Lipophilicity 
(ILOGP) 

PAINS 

 
Lead 

Likeness 

Lipinski Drug 

likeness 

1 Omeprazole -3.52 Soluble 1.64 - + 0 violation 

2 Phenol, 2,6-bis(1,1-dimethylethyl)- -4.38 Moderately soluble 3.07 - - 0 violation 

3 Benzaldehyde, 3,5-dimethyl- -4.29 Moderately soluble 4.01 - - 0 violation 

4 4-Butyl-5-(3-methylbutyl)-6-(1-methylethenyl)-

2H-pyran-2-one 

-4.58 Moderately soluble 3.64 - - 0 violation 

5 Spiro [2.5] octane, 3,3-dimethyl-2-(1-buten-3-on-

1-yl)- 

-3.52 Soluble 2.84 - - 0 violation 

6 Cedranoxide, 8,14- -3.51 Soluble 3.03 - - 0 violation 

7 N-(n-butyl) thiophosphoric triamide -1.01 Very Soluble 0.47 - - 0 violation 

8 Phenol, 2,4-bis(1,1-dimethylethyl)- -4.55 Moderately Soluble 3.08 - - 0 violation 

P: PAINS: Pan-assay Interference compounds; LL: Lead Likeness
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Conclusion 

This study has revealed the predictive inhibitory effects of A. marginata 

slime bioactive constituents such as phenol, 2,6-bis(1,1-dimethylethyl) 

and phenol, 2,4-bis(1,1-dimethylethyl), the potent PPI and H. pylori 

urease inhibitors which may be developed as crucial therapies for 

gastric ulcers. These compounds have shown pharmacokinetic and 

physicochemical properties in silico. In vitro and in vivo studies are 

therefore, recommended to confirm the antiulcerogenic potential of A. 

marginata, as the slime may proffer another fruitful direction for gastric 

ulcer treatment. 
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