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ABSTRACT 

Diabetes mellitus is a chronic disease plagued with insufficient insulin production or insulin 

resistance. New targets and disease pathways are emerging and one of such is the 11β-

Hydroxysteroid dehydrogenase type 1 (11β-HSD1) which catalyses the intracellular conversion 

of inert cortisone to physiologically active cortisol, functioning to enhance local cortisol action 

beyond what would be predicted based on simple plasma exposures. This study aimed at 

exploring the anti-diabetic potential of the bioactive compounds found in Carica papaya.  In this 

study, 59 natural compounds were obtained from literature are used for molecular docking 

simulations against the 11β-HSD1 receptor target using the Python Prescription (PyRx) 0.8 

software. An arbitrary docking score ≤ -8.0 kcal/mol was chosen as cut-off value. Further 

screening for drug-likeness, Absorption Distribution Metabolism Excretion and Toxicity 

(ADMET) properties, Pan Assay Interference Compounds (PAINS), and bioactivity were 

performed. The compounds were compared to the 11β-HSD1 inhibitor, MK-0916 which was the 

reference compound and docked against the target with a binding affinity of -8.8 kcal/mol. After 

docking, 11 compounds emerged with a docking of ≤-8.0 kcal/mol, the highest at -8.1kcal/mol 

and lowest at -10.7kcal/mol. The compounds were further screened using Ghose and Verber rule 

resulting in four compound i.e. Ibogamine, Clausamine G, Dasycarpidan-1-methanol, acetate 

(ester) and Phenol-2-methyl-5- (1,2,2- trimethylcyclopentyl). Pharmacokinetic screening 

(ADMET and bioactivity) was carried out on the four compounds and it was discovered that they 

have a level of potency but Ibogamine has higher potency of exerting inhibitory function on 11β-

HSD1 compared to the control. 

Keywords: Diabetes mellitus; Hydroxysteroid dehydrogenase type 1 (11β-HSD1); Carica 

papaya; Ibogamine; In-silico. 

 

 

 

 

 

 

 



 

 

 

INTRODUCTION 

Diabetes mellitus (DM) is a chronic and complicated metabolic illness in which the body 

becomes unable to utilize glucose (Shrivastava et al., 2013). It characterized by the emergence of 

insulin resistance, compromised insulin signalling, malfunction of the pancreatic beta cells, 

aberrant glucose and lipid metabolism, subclinical inflammation, and elevated oxidative stress. 

These metabolic problems cause long-term pathogenic diseases, such as micro- and macro-

vascular pathologies, neuropathy, retinopathy, and nephropathy, which in turn lower life 

expectancy and raise mortality rates (Santaguida et al., 2008). DM is a major threat to both the 

developed and developing worlds. According to the 2017 National Diabetes Statistics Report, 

about 30.3 million people in the U.S. are diabetic and surprisingly some 23.8% are undiagnosed 

(Sun et al., 2022). Approximately 425 million people worldwide are affected by diabetes, and 

this is projected to increase to approximately 629 million by the year 2045 due to unhealthy diets 

and inactive lifestyles (Cha and Woo, 2010). There are four major types of DM. Namely, Type 1 

Diabetes Mellitus, Type 2 Diabetes Mellitus, Gestational Diabetes Mellitus and Prediabetes. 

The most common therapy is insulin administration but new anti-diabetic drugs targeting 

molecular pathways implicated in diabetes are emerging. They include blocking of cortisol, 

increasing cAMP signalling, increasing incretin secretion to improve glucose tolerance amongst 

others (Kanwal et al., 2022). 

Carica papaya is a plant belonging to the family Caricaceae. In Nigeria, it is commonly called 

pawpaw. Many scientific investigations have been conducted to evaluate the nutritional and 

therapeutic value of various parts of C. papaya, including its fruit, shoots, leaves, rinds, seeds, 

roots or latex. The various parts of C. papaya plant have been reported to possess medicinal 

properties in the treatment of various ailments and human diseases (Okeniyi, et al., 2007, 



 

 

Owoyele, et al., 2008, Adigwe, et al., 2012). Since it is primarily grown in the tropics and 

subtropics, the plant has been used as ethnomedicine for decades (Singh et al., 2019). Although 

it has many other therapeutic purposes, it is most frequently used as an anti-helmintic and a 

possible abortifacient agent. Papaya seeds and leaves have lately been linked to anticancer 

activity, as well as improvements in diabetes mellitus, hepatic and renal problems, fertility, 

hyperglycemia, and amoebic dysentery. It has been suggested that the therapeutic properties of 

the plant are caused by the highly concentrated phytochemicals found in papaya seeds and 

leaves, including flavonoids, phytosterols, carotenoids, alkaloids, phenolic compounds, and 

cyanogenic compounds (benzyl glucosinolate) (Wang et al., 2020; Olcum et al.,2020; Doan et 

al., 2020). 

A crucial metabolic enzyme known as 11 Beta-hydroxysteroid dehydrogenase type 1 (11β -

HSD1) catalyses the intracellular conversion of inert glucocorticoids (GC) into physiologically 

active ones in metabolically important tissues including the liver, adipose, vasculature, brain and 

macrophages (Chuanxin et al., 2020). 11β-HSD1   regulates the local GC availability in target 

tissues, including the skin. A study investigated whether the dysregulated expression of 11β-

HSD1 and subsequent local GC levels in skin contribute to the delayed wound healing in obese, 

diabetic db/db mice. It was concluded that insulin resistance in obesity and diabetes precludes 

the down-regulation of 11β-HSD1, resulting in higher endogenous GC levels in diabetic skin, 

which may affect individuals with DM's ability to repair wounds (Brazel et al., 2020). Studies 

have revealed that high levels of active glucocorticoid cortisol in the blood have been linked to a 

number of diseases, including diabetes mellitus, obesity, dyslipidemia, and high blood pressure 

(Cooper and Stewart, 2009). 

 



 

 

 

MATERIAL AND METHODS 

Materials  

Protein Target: 11-Beta-Hydroxysteroid Dehydrogenase 1. 

Ligand: Literature guided and ligand download from Pubchem  

Stand-alone offline softwares: Pyrex, Pymol  

Database: PubChem, Protein data base, Pubmed, Swiss ADME, pkCSM and Molinspiration.  

 

Methods 

Preparation, Analysis and Validation of the Protein target 

The target, 11-beta hydrosteroid dehydrogenase type 1(11β-HSD1) was downloaded from the 

Protein data bank with the code (PDB: 3BZU). Using the Pymol software, the native ligands and 

water molecules attached to the protein molecule were removed to free the protein thereby 

optimising the molecular docking process. Using the pdb fixer in the Bioinformatics Galaxy 

Europe webserver, the protein was further optimised for the molecular docking. 

 

Ligand Preparation 

59 bioactive compounds of Carica papaya were obtained from literature (Iyappan et al.,2014; 

Khadam et al., 2019). The 3D structures of these natural compounds as well as that of the 

standard MK-0916 were downloaded from the PubChem online database in their Spatial Data 

File (SDF) formats along with the properties of these compounds such as molecular weight, 

canonical SMILES, hydrogen bond donors, hydrogen bond acceptors, xLog P, and topological 

polar surface area. 

Molecular Docking and Virtual Screening 



 

 

Prior to docking, the natural compounds obtained from literaturewere screened for bioavailability 

using the Lipinski and Veber rules. As stated by Lipinski, the drug-like properties include a MW 

≤ 500, Hydrogen Bond Donor ≤ 5, Hydrogen Bond Acceptor ≤ 10, and a Log P value ≤ 5. 

Further screening was done for cellular permeability using the Veber‘s rule. Only compounds of 

Topological Polar Surface Area (TPSA) values of ≤ 140 Å  and number of rotatable bonds ≤ 10 

were successful. Ligands were uploaded unto PyRx 0.8 through the Open Babel plug-in tool. 

In preparation for molecular docking, all the ligands were uploaded on the virtual screening 

software, PyRx (Python prescription) 0.8 version using the Open Babel plug-in tool (Dallakyan 

and Olson, 2015) and converted from sdf to Protein Data Bank, Partial Charge, & Atom Type 

(pdbqt) format (Gacche et al., 2016). For stable conformation, the Universal Force Field (UFF) 

was used as the energy minimization parameter and conjugate gradient descent as the 

optimization algorithm. Using the AutoDock Vina plug-in tool in PyRx, all ligands and the 

standard were docked against the target protein, 11-beta hydroxysteroid dehydrogenase type 1 

using the following grid parameters. Centre X = -7.7577, Y = 19.8325, Z = 8.5671 and 

Dimensions (Angstrom): X = 62.7826, Y = 99.2739, Z = 85.3746. Using the Microsoft Excel 

software, the docked results were exported in commaseparated values (csv) format and screened 

using the docking score of -8.0kcal/ mol as the cut off. The SWISSADME, pkCSM, and 

Molinspiration webservers were used to predict the molar refractivity, pharmacokinetic, 

ADMET, and Bioavailability of all the ligands respectively(see supplementary data) (Daina et 

al., 2017; Pires et al., 2015; Molinspiration, 2020). 

 

Screening for Potency  

The first stage of the screening was for drug potency. Molecular docking was used as the first 

step in the virtual screening process, and the docking scores were used as empirical predictors of 



 

 

the strength of the intermolecular interactions between the receptors, and the ligands. A uniform 

docking scoring cut-off of -8.0 kcal/mol was used to serve as a general border line for the 

binding energies obtained between the receptors, and the ligands. 

 

Further Screening for Drug-Likeness, Promiscuity and ADMET Properties 

The application of high-throughput computer-assisted approaches to predict the relationship 

between the chemical properties, structure and the biological activity of a compound is indeed a 

valuable tool in the field of drug design and discovery (Lipinski et al., 2001). 

These drug-like properties of compounds would impart largely on their bioavailability and 

increase cellular uptake of biomolecules within the body.  The molecular descriptors of such 

compounds are well described by the Lipinski (RO5), Veber, and Ghose rules.  Put together, 

these rules state that hydrogen bond acceptors should be ≤ 10, hydrogen bond donors should be 

≤5; Log P should be ≤5, molecular weight should be ≤500g/mol;the polar surface area should be 

≤ 140A²; molar refractivity should be between 40-130 cm³ and the number of rotatable bonds 

should be < 10 (Verber et al., 2003; Ghose et al., 1999). 

Affinity does not necessarily predict activity. Binding ligands could be either agonists or 

competitive inhibitors. Based on a particular drug target, a compound is considered as active 

when it‘s a bioactivity score is more than 0.0; moderately active when score is between −5.0 and 

0.0; and inactive when the score is less than −5.0 (Khan et al., 2017). 

RESULTS AND DISCUSSION 

Results 

The result of molecular docking of 11-Beta-Hydroxysteroid Dehydrogenase and its derivatives 

of fifty-nine (59) compounds are presented in table 1. This result shows the bioactive 

components of Carica Papaya at higher binding affinity and root mean square deviation (RMSD) 

docked against 11-Beta-Hydroxysteroid Dehydrogenase as compared to the control. 



 

 

 

Table 1: Molecular docking of 11-Beta Hydroxysteroid Hydrogenase Type 1 against 59 

bioactive compounds of C. papaya and their binding affinities and RMSDs 

S/N Compound Binding affinity Rmsd/ub Rmsd/lb 

1 Clionasterol -10.7 0 0 

2 Stigmasterol -10.6 0 0 

3 Cholest-5—en-3-ol propylidene-,(3.beta) -10.4 0 0 

4 Campesterol -10.1 0 0 

5 Ibogamine  -9.9 0 0 

6 Quercetin  -9.6 0 0 

7 Kaemferol -8.9 0 0 

8 Crotonyl bromide -8.5 0 0 

9 Clausamine G -8.5 0 0 

10 

Phenol, 2-methyl-5- (1,2,2 

trimethylcyclopentyl)-, (S) 

-8.3 0 0 

11 Dasycarpidan-1-methanol, acetate (ester) -8.3 0 0 

12 Squalene -7.9 0 0 

13 Phytol  -7.6 0 0 

14 Benzenepropanoic acid, .alpha.- -7.4 0 0 

15 (hydroxyimino)- -7.0 0 0 

16 2,4-Difluorobenzene, 1-benzyloxy- -7.0 0 0 

17 Cyclopentadecanone, 2-hydroxy- -7.0 0 0 

18 1-(2'-Methoxy-5- nitrophenyl) ethanone -6.9 0 0 



 

 

19 Caffeic acid -6.8 0 0 

20 2,4-Di-tert-butylphenol -6.7 0 0 

21 Octinoxate -6.6 0 0 

22 Phytol, acetate -6.6 0 0 

23 Ferulic Acid -6.6 0 0 

24 5,7-Dimethoxycoumarin -6.6 0 0 

25 Oleic Acid -6.6 0 0 

26 Phytol -6.5 0 0 

27 

Benzenepropanoic acid,.alpha-

(hydroxyamino)- 

-6.5 0 0 

28 Protocatechuic Acid -6.4 0 0 

29 Thiamine -6.3 0 0 

30 

4-(Methylthio)butyldesulfoglucosinate p-

Coumaric Acid 

-6.2 0 0 

31 Neophytadiene -6.2 0 0 

32 D-Limonene -6.2 0 0 

33 Oleamide -6.1 0 0 

34 2-Azido-2,4,4,6,6-pentahylheptane -6.1 0 0 

35 1-Dodecanol,3,7,11-trimethyl- -6.0 0 0 

36 Ascorbic Acid -6.0 0 0 

37 Margaric Acid -6.0 0 0 

38 (3-Bromo-1-methlpropoxymethyl)benzene -6.0 0 0 

39 Cyclohexanone,2-(-2butylny)  -6.0 0 0 



 

 

40 Vanilic Acid  -5.9 0 0 

41 Citronellyl butyrate -5.9 0 0 

42 

1-(3,3,3-Trifluoro-2-

hydroxypropyl)piperidine 

-5.8 0 0 

43 Benzylnitrile -5.8 0 0 

44 6-Hydroperoxy-3,7-dimethyloct-7-en-1-ol -5.8 0 0 

45 p-Hydroxybenzoic Acid -5.8 0 0 

46 Lauric Acid -5.7 0 0 

47 3,4-Altrosan -5.7 0 0 

48 17-Octadecynoic Acid -5.6 0 0 

49 2-Methoxy-4-vinylphenol -5.6 0 0 

50 N-Methylaspartic Acid -5.6 0 0 

51 Palmitic Acid -5.5 0 0 

52 Myristic Acid -5.5 0 0 

53 L-Arabinitol -5.4 0 0 

54 Benzyl isothicyanate -5.2 0 0 

55 9-Decenoic Acid -5.1 0 0 

56 D-Arabinitol -4.7 0 0 

57 4-Mercaptophenol -4.2 0 0 

58 N-Aminomorpholine -4.1 0 0 

59 Chloroacetic Acid -4.1 0 0 

 



 

 

The result of Eleven (11) Screened compounds from the initial Fifty-nine (59) compounds are 

presented in table 2. This result shows the screened compounds at binding affinity of < 8.0 

kcal/mol and RMSD of 0. Any compound with binding affinity less than -8.0 and RMSD aside 0 

is screened out.  

Table 2: Cut-off from the molecular docking with a binding affinity of ≤ 8.0 kcal/mol and 

RMSD of 0. 

S/N Compound Binding affinity 

1 

Clionasterol -10.7 

2 

Stigmasterol  -10.6 

3 

Cholest-5-en-3-ol, 24-propylidene-, (3.beta.)-  -10.4 

4 

Campesterol  -10.1 

5 

Ibogamine -9.9 

6 

Quercetin -9.6 

7 

Kaempferol -8.9 

8 

Crotonoyl bromide -8.5 

9 

Clusamine G -8.4 

10 Phenol, 2-methyl-5- (1,2,2- 

trimethylcyclopentyl)-,(S) -8.3 

11 

Dasycarpidan-1-methanol, acetate (ester)  

 

-8.3 

12 

MK-0916(STANDARD) -8.8 

 

The result of seven (7) compounds that were further screened based on their physio-chemical 

properties using the Lipinski’s rule of 5, Veber Rule and Ghose rule are presented in table 3. 



 

 

Four (4) compounds that did not meet the demand of the rules were screened out leaving seven 

(7) compounds.   

Table 3: physio-chemical properties using the Lipinski’s Rule of 5, Veber and Ghose Rules 

of lead compounds and standard. 

S/N Compound MW xLogp HBD HBA 

1 

Ibogamine 280.4 3.9 1 1 

2 

Quercetin 302.23 1.5 5 7 

3 

Kaempferol 286.24 1.9 4 6 

4 

Crotonoyl bromide 148.99 1.7 0 1 

5 

Clausamine G 355.4 3.6 2 5 

6 Phenol, 2-methyl-5- (1,2,2- 

trimethylcyclopentyl)-, (S) 
218.33 

 

5.1 

1 1 

7 Dasycarpidan-1-methanol, acetate 

(ester) 326.4 
 

3.2 1 3 

8 

MK-0916 (STANDARD) 

  331.8 3.7 0 3 

 

The result of four (4) compounds and the control which do not violate Veber and Ghose Rules 

with regards to Rotatable bond (RB), TPSA, Saturation, Molar Refractivity (MR) and PAIN alert 

are seen in table 4. The compounds that were not in line with these rules were cut-off.  

 

 

 

 

 

 



 

 

 

Table 4: Screened compounds and control which do not violate Veber and Ghose Rules. 

S/N COMPOUND RB TPSA MR FRACTION 

CSP3 

PAINS 

1 Clausamine G 6 80.8 100.78 0.25 0 

2 Dasycarpidan-1-methanol, 

acetate (ester) 

4 45.3 100.17 0.55 0 

3 Ibogamine 1 19 91.96 0.58 0 

4 Phenol, 2-methyl-5- (1,2,2- 

trimethylcyclopentyl)-, (S) 

1 20.2 69.55 0.6 0 

5 MK-0916 (STANDARD) 4 30.7 87.95 0.56 0 

 

The result of the four lead compounds and the control after undergoing pharmacokinetic studies 

(ADMET) is shown in table 5. Pharmacokinetic study is based on Absorption, Distribution, 

Metabolism, Excretion and Toxicity.  

 

 

 

 

 

 

 

 

 

 

 



 

 

Table. 5. Pharmacokinetic studies (ADMET) of the 4 lead compounds and The control 

 



 

 

The result of the Bioactivity assessment of the three lead compounds (excluding Clausamine G) 

is shown in table 6. The bioactivity assessment describes its interaction with other molecules or 

compounds. 

Table 6: The Bioactivity assessment of the control and the 3 lead compounds. 

Bioactivity Assay MK-0916 

(STANDARD) 

Dasycarpidan-1-

methanol, acetate 

(ester) 

Ibogamine Phenol, 2-methyl-5- 

(1,2,2- 

trimethylcyclopentyl)-

, (S) 

GPCR Ligand 0.13 0.4 0.6 -0.22 

Ion Channel Modulator -0.04 0.28 0.48 -0.21 

Kinase Inhibitor -0.12 -0.07 0 -0.66 

Nucleic Receptor 

Ligand 

0.11 0.01 0.03 0.08 

Protease Inhibitor -0.09 0.03 0.17 -0.48 

Enzyme Inhibitor 0.48 0.09 0.22 -0.06 

 

Discussion 

Table 1 shows the result of 59 bioactive compounds of Carica papaya obtained from literature 

were docked against the protein target 11β-HSD1 with and their various binding affinities with 

their best conformation at 0 RSMD.  In table 2, For the purpose of screening, a uniform docking 

score of -8.0 kcal/mol was chosen as a cut-off value as this depicts strong protein-ligand binding. 

The choice of a lower docking score would increase the amount of data to be handled and also 

affect potency (Hopkins, 2015). The binding affinity values reveal the strength of ligand-protein 

interaction. Of the total number of 59 ligands docked against the target, 11 compounds had 

binding affinities less than the -8.0 kcal/mol cut off.  



 

 

In table 3, compounds were screened based on their physio-chemical properties using Lipinski 

rule, Ghose rule and Verber Rule. According to Lipinski et al., 2001, oral drugs should not have 

a molecular of more than 500g/mol. The significance of this is, molecules larger than 500g/mol. 

The octanol/water partition coefficient determines the Hydrophobicity (Water hating) or 

Hydroliphicity (Water loving) of a substance (Khanna and Ranganathan, 2009). It is a direct 

measure of the transport abilities of a compound across biological membranes. Drug molecules 

should have enough solubility to transverse the membrane, but not too soluble as to get trapped 

in it (Hansch et al., 1987). Hydrogen Bond donors are determined by the number of OH and NH 

bonds in each molecule, while the Hydrogen Bond Acceptors are determined by summing up the 

nitrogen and oxygen atoms in each molecule (Lipinski et al., 2001). They are a critical aspect to 

the drug-likeness of a molecule (Chen et al., 2020).The 11 compounds were screened using the 

following rules; hydrogen bond acceptors should be ≤ 10, hydrogen bond donors should be ≤5; 

Log P should be ≤5, molecular weight should be ≤500g/mol. None of the compounds violated 

the Molecular weight, hydrogen bond donor and hydrogen bond acceptors, but 4 compounds 

exceeded the Log P value of ≤ 5 and were eliminated leaving 7 compounds. 

Table 4 shows four (4) compounds screened using Verber and Ghose Rules. Verber and Ghose 

rule states that molecular complexity which is measured by the carbon bond saturation (fraction 

of spᶾ carbons - fspᶾ) plays a vital role in drug discovery. Saturation directly correlates with 

solubility and saturated hydrocarbons have stability of the chemical bonds which make them 

unreactive. All compounds with values less than 0.25 are unsaturated and therefore eliminated 

(Putra et al., 2020; Ghose et al., 1999). Also, molar refractivity is the measure of the total 

polarizability of a mole of a ligand and is dependent on the temperature, the index of refraction 

and pressure. The ideal molar refractivity should range from 40 to 130 (Ghose et al., 1999). 



 

 

Rotatable bonds are the measure of molecular flexibility of a compound (Veber et al., 2002). 

TPSA- This is the sum of the contributions to the molecular (usually Van der Waals) surface area 

of polar atoms such as oxygen, nitrogen and their attached hydrogens (Prasanna & Doerksen, 

2009). In terms of the Veber’s rule, compounds with a TPSA of ≤140Å  and a Rotatable Bond 

count of ≤10 have a high probability of positive oral bioavailabilty for drug like candidates 

(Medjahed et al., 2016).  

The Pan Assay Interference compounds (PAINS) also known as promiscuous compounds are 

bioactive substances that are difficult to detect in data due to interactions with unintended 

biological targets (Dos Santos, 2015; Baell & Holloway, 2010). From the screening, 1 compound 

violated the Molar refractivity range of 40 to 130, 1 compound violated the PAINS alert of ˃0 

and 2 compound violated the Fraction Csp3 value of ≥0.25. A total of 3 compounds were 

eliminated, leaving 4 compounds. 

Table 5 shows the result of pharmacokinetic study of the four lead compounds using ADMET 

parameters. While screening using the physiochemical properties above speed up the drug 

development process, studies have shown that these rules have limitations and on their own are 

insufficient to establish the exact drug-likeness of a substance. (Ghose et al., 1999; Oprea, 2000) 

ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) is a crucial component 

of the drug discovery process. It is used to ‘fine-tune’ results obtained from drug-likeness 

screening. A high quality drug candidate should not only possess sufficient efficacy against the 

therapeutic target, but also show appropriate ADMET properties at therapeutic doses (Guan et 

al., 2019). The ADMET screening was carried out using the manual by Pires et al., 2015. The 

goal is for a molecule to have as little violations as possible, but a complete non-violation is rare.  



 

 

A key physiochemical factor in drug research and development is water solubility, which affects 

pharmacokinetic properties and formulations (Cui et al., 2020). Ibogamine appears to be the 

most soluble of the chemicals based on the findings. Clausamine G is the least soluble in the 

group with a water solubility value of less than -4.0 log mol/L. The standard, MK-0916 was also 

poorly soluble (Pires et al., 2015). 

Since oral administration is still the most common form of administration, in vitro permeability 

studies can be used to predict bioavailability as a drug is being developed. The caco-2 cell 

monolayers are used as a model of human intestinal absorption because they closely resemble the 

human intestinal epithelium in many aspects and establish tight connections between cells (Peng 

et al, 2014). As observed in Table 6, Phenol, 2-methyl-5- (1,2,2- trimethylcyclopentyl)-, (S) 

(P2MT) showed the highest caco-2 permeability, while Clausamine G showed the lowest of all 

the lead compounds. The standard also showed a high Caco-2 value being higher than 0.9 (Pires 

et al, 2015). The measurement of human intestinal absorption (HIA), similar to caco-2 

permeability, is a crucial step in the development of new pharmaceutical substances (Hou et al., 

2007). Ibogamine gets the highest value despite the fact that all the lead compounds have high 

HIA. The standard also showed a high HIA value (Pires et al., 2015). Drug penetration through 

the skin must be evaluated in order to create a transdermal medication delivery system for use on 

people (Supe and Takudage, 2021). P2MT, which is more than -2.5, exhibited the best skin 

permeability (LogKp) values of all the lead compounds. The standard and other lead compounds 

have values less than -2.5 suggesting low skin permeability (Pires et al., 2015) 

P-glycoprotein (Pgp), a member of the ATP-binding cassette (ABC) superfamily of transporter 

proteins, is expressed in the cells of several organs and affects the ADMET properties of drugs. 

The PgP is a unidirectional efflux pump that extrudes its substrate from inside to outside of cells, 



 

 

including toxins, drugs, and other xenobiotics (Prachayasittikul et al., 2016). From the results 

only P2MT and the standard are not a P-gP substrates. This implies that while the 

bioavailabilities of the P-gp substrates would be reduced by P-glycoprotein, that of p2MT and 

the standard will not. 

The volume of distribution steady state (VDSS) is the theoretical volume required to maintain 

the whole dose of a drug delivered at the same blood plasma concentration. Important 

pharmacokinetic characteristics that control a drug's half-life and frequency of dose (Smith, 

2015). Of all the compounds, Ibogamine has the highest VDSS value (1.845l/kg) while 

Clausamine G the lowest requiring only 0.077 l/kg to maintain uniform distribution to give the same 

concentration in plasma (Pires et al., 2015). 

A drug's effectiveness is influenced by how strongly it binds to plasma proteins. With less binding, the 

drug can enter cellular membranes more effectively (Pires et al., 2015). The percentage unbound (human) 

readings for the standard and Clausamine G indicate that they are the least available for biological activity 

because they are below the 0.1 cutoff. The most widely accessible is Ibogamine (Pires et al., 2015). 

Most drugs cannot cross the blood-brain barrier (BBB), which is anatomically and physiologically 

unique. But some medications with particular chemical characteristics can pass through the BBB via 

lipid-mediated free diffusion (Pardridge, 2012). According to the findings, all lead compounds have log 

BBB values more than -1.0, indicating that they are all mildly to moderately distributed  in the brain. The 

best predicted brain distribution is for the P2MT, while the worst is for Clausamine G. (Pires et al., 2015). 

The majority of drugs used in clinical settings are biotransformed by cytochrome P450 (CYP), which is 

also the main driver of drug pharmacokinetic variability. The liver's major CYPs are 3A4, 2C9, and 1A2, 

while 2D6 and 2C19 are less common (Zanger and Schwab, 2013). Remarkably, Clausamine G is 

predicted to be an inhibitor of CYP2C19, CYP2C9 and CYP3A4 molecules.  A drug's total clearance 

from the blood is the sum of its clearance through the kidneys, the liver, and all other tissues (Horde and 



 

 

Gupta, 2020). The total clearance ranges from 0 to 1.0 depending on the functionality of the implicated 

organs and a number of other variables. The findings indicate that Ibogamine has a total clearance value 

above 1.0, indicating that it is eliminated from the plasma at a very rapid rate (Pires et al., 2015) 

The proximal epithelial cells' basolateral membrane contains the renal organic cation transporter 2 

(ROCT2) protein, which is involved in the uptake and secretion of cationic drugs.Only Dasycarpidan-1-

methanol, acetate (ester) and Ibogamine are ROCT2 substrates will be carried from the plasma into the 

cells of the proximal convoluted by the ROCT2 (Pires et al., 2015). The human ether-a-go-go related 

gene (hERG) expresses a potassium channel protein that is crucial for cardiac repolarization and 

arrhythmias induced by long QT waves (Babcock et al., 2013). The research also revealed that the 

standard and the lead compounds were predicted not to be hERG I protein inhibitors, demonstrating no 

possible cardiotoxic effect (Pires et al., 2015). The maximum tolerated dosage (MTD) of a drug is the 

largest dose that does not cause overt toxicity or unfavourable side effects within a specific amount of 

time, as determined through early human clinical trials (Stampfer et al., 2019). In the present study, only 

P2MT have high MTD being higher than 0.477 (log mg/kg/day) (Pires et al., 2015). The oral acute 

toxicity or LD50 is a measurement of how much of a drug is necessary to kill 50% of rats in a test, 

whereas the oral rat chronic toxicity is the lowest dose of a substance that results in an observed 

unfavourable effect over time (Pires et al., 2015). In terms of acute toxicity and chronic toxicity, 

Ibogamine is the safest of all the compounds. Similarly, for toxicity to Tetrahymena pyriformis, p2MT is 

the safest while for Minnows, Dasycarpidan-1-methanol, acetate (ester) is the safest. Despite the fact that 

the liver is the most common target organ for drug candidates in animal toxicity tests, hepatotoxicity 

seldom causes drug development to be halted during the preclinical stage. When a drug has great 

therapeutic promise, hepatotoxicity in humans may be tolerable due to the fact that it is frequently 

reversible and dose dependent (Ballet, 1997). At this stage of virtual screening based on ADMET 

properties, Clausamine G was eliminated because it was predicted to be inhibitors of P-gp I, P-gp II, and 

CYPs 2C19, 2C9, and 3A4. 



 

 

Table 6 shows the result of the bioactivity assay of the control and the 3 lead compounds.The 

lead compounds should have a pharmacological effect in addition to ligand binding to the proper 

target. GCPR ligands, ion channel modulators, kinase inhibitors, protease inhibitors, nuclear 

receptor ligands, and enzyme inhibitors are some of the drug candidates that are categorized 

depending on their bioactivity (Molinspiration, 2020).  

Enzyme inhibitors are molecules that interact with enzymes (Temporarily or permanently) is 

some way and reduces the rate of an ezyme-catalysed reaction or prevent an enzyme from 

working in a certain way (Kuddus, 2019). Since the target protein of this study is an enzyme, the 

results show that the P2MT has a poor enzyme inhibitor with a bioactivity score lower than zero. 

The standard and the two other lead compounds have bioactivity scores greater than zero (Pires 

et al., 2015). Ibogamine is a significantly better enzyme inhibitor than Dasycarpidan-1-methanol, 

acetate (ester). 

CONCLUSION 

The need for assessable and inexpensive drugs for the management of DM is of utmost 

importance. Inactive and unhealthy lifestyles have given rise to the prevalence of DM in both 

developed and developing countries. While sensitization will go a long way in disease 

prevention, sustainable treatment options for the millions of sufferers is much needed. Insulin 

therapy which has been the most widely used for disease management is expensive and saddled 

with side-effects like dizziness, fatigue, seizures, loss of consciousness. 

C. papaya is found in abundance in Nigeria and can be easily accessed. While studies have been 

carried out extensively on its ethnomedicinal and therapeutic use such as it anti-diabetic effects, 

the bioactive compounds responsible have not been identified and explored.  



 

 

This study indicates that Ibogamine (an alkaloid), can serve as alternative inhibitor of 11β-

Hydroxysteroid Hydrogenase (11β-HSD1) which is supported by Krengel et al., 2019 who 

carried out a research on the root bark of the African Shrub, Tabernanthe iboga . Therefore, 

Ibogamine can be a potential drug candidate for the treatment of type 2 diabetes. In vitro and in 

vivo studies are required to evaluate the efficacy and the safety of Ibogamine.  
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