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ABSTRACT 

Objective: This study aimed to carry out phytochemical profiling, antioxidant, antidiabetic, and 

ADMET study on the crude ethanol extract (CR) of Diospyros mespiliformis (DM) and its ethyl 

acetate (EEF) and aqueous fractions (AQF). 

Material and Method: The phytochemicals were identified by GC-MS. The antioxidant activity was 

determined in vitro and silico while the antidiabetic and ADMET were in silico.  

Result and Discussion: Exactly 54 and 44 compounds were respectively identified in the EEF and 

AQF. At 300 µg/ml, the CR demonstrated a significantly (p < 0.05) higher ascorbic acid equivalent 

(AAE) total antioxidant capacity (TAC) (73.59 ± 0.011 µg/ml) than the EEF (41.28 ± 0.003 µg/ml 

AAE) and AQF (31.28 ± 0.005 µg/ml AAE). The total reducing power (TRP) of the AQF (106.84 ± 

3.46 µg/ml) was significantly (p <0.05) higher than the CR (93.23 ± 5.63 µg/ml AAE) and EEF 

(92.35 ± 6.96 µg/ml AAE) at 100 µg/ml. A significantly (p < 0.05) higher percentage inhibition 

(48.38% ± 4.61) was demonstrated by the EEF at 1 mg/ml in the ferric thiocyanate and a lower 

malonaldehyde concentration (0.75 ± 0.01 nmol/ml) in the thiobarbituric acid methods. The AQF 

demonstrated a significantly (p < 0.05) higher (82.72% ± 1.88) peroxide scavenging activity at 100 

µg/ml than the CR (33.33% ± 2.16) and EEF (63.64% ± 2.66). Compound VII exhibited the lowest 

binding affinity (BA) and inhibition constant (Ki) of -8.8 kcal/mol and 0.35 µM, respectively with 

xanthine oxidase and -8.0 kcal/mol and 1.35 µM, respectively with NADH oxidase. X exhibited the 

lowest BA (-8.5 kcal/mol) and Ki (0.58 µM) interacting with CytP450 21A2. Compound III exhibited 

the lowest BA (-7.5 kcal/mol) and Ki (3.14 µM) with PTP1B while compound X had BA and Ki 

values of -8.5 kcal/mol and 0.58 µM, respectively with PPARγ. The result of ADMET showed some 

of the compounds might be strong candidates for antioxidant and antidiabetic drugs. All the extracts 

possess significant antioxidant activity and some of the identified compounds might be candidates 

for novel antioxidants and antidiabetic drugs. 
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ÖZ 

Amaç: Bu çalışmada Diospyros mespiliformis (DM) ham etanol ekstraktı (CR), etil asetat (EEF) ve 

sulu fraksiyonları (AQF) üzerinde fitokimyasal profilleme, antioksidan, antidiyabetik ve ADMET 

çalışmasının yapılması amaçlandı. 

Gereç ve Yöntem: Fitokimyasallar GC-MS ile tanımlandı. Antioksidan aktivite in vitro ve silico 

olarak belirlenirken, antidiyabetik ve ADMET in silico olarak belirlendi. 

Sonuç ve Tartışma: EEF ve AQF'de sırasıyla tam olarak 54 ve 44 bileşik tanımlandı. 300 µg/ml'de 

CR (73.59 ± 0.011 µg/ml), EEF (41.28 ± 0.003 µg/ml AAE) ve AQF (31.28 ± 0.005 µg/ml AAE)’den 

önemli ölçüde (p<0.05) daha yüksek askorbik asit eşdeğeri (AAE) toplam antioksidan kapasitesi 

(TAC) gösterdi.  100 µg/ml’de AQF'nin (106.84 ± 3.46 µg/ml) toplam indirgeme gücü (TRP), 

CR'den (93.23 ± 5.63 µg/ml AAE) ve EEF'den (92.35 ± 6.96 µg/ml AAE) önemli ölçüde (p <0.05) 

daha yüksekti. 1 mg/ml EEF, ferrik tiyosiyanat yönteminde önemli ölçüde (p<0.05) daha yüksek bir 

inhibisyon yüzdesi (%48.38 ±4.61) ve tiyobarbitürik asit yönteminde daha düşük bir malonaldehid 

konsantrasyonu (0.75 nmol/ml ±0.01) gösterdi. AQF, 100 µg/ml'de CR (%33.33 ± 2.16) ve EEF'den 

(%63.64 ± 2.66) önemli ölçüde (p < 0.05) daha yüksek (%82.72 ± 1.88) peroksit temizleme aktivitesi 

gösterdi. Bileşik VII, ksantin oksidaz ile sırasıyla -8.8 kcal/mol ve 0.35 µM ve NADH oksidaz ile 

sırasıyla -8.0 kcal/mol ve 1.35 µM ile en düşük bağlanma afinitesini (BA) ve inhibisyon sabitini (Ki) 

sergiledi. X, CytP450 21A2 ile etkileşime giren en düşük BA (-8.5 kcal/mol) ve Ki'yi (0.58 uM) 

sergiledi. Bileşik III, PTP1B ile en düşük BA (-7.5 kcal/mol) ve Ki'yi (3.14 µM) sergilerken; bileşik 

X, PPARy ile sırasıyla -8.5 kcal/mol ve 0.58 µM BA ve Ki değerlerine sahipti. ADMET sonucu, bazı 

bileşiklerin antioksidan ve antidiyabetik ilaçlar için güçlü adaylar olabileceğini gösterdi. Tüm 

ekstraktlar önemli antioksidan aktiviteye sahiptir ve tanımlanan bileşiklerin bazıları yeni 

antioksidanlar ve antidiyabetik ilaçlar için aday olabilir. 

Anahtar Kelimeler: ADMET, antidiyabetik, antioksidan, moleküler yerleştirme, moleküler dinamik  

INTRODUCTION 

Diabetes entails endocrine metabolic disorders characterized by a loss of glycemic control leading 

to the development of acute and subsequent chronic complications, including macro- and micro-vascular 

complications [1,2]. Various strategies are employed in the management of diabetes including synthetic 

drugs to achieve glycemic control. However, proper diet and exercise are the usual recommendations.  

Synthetic drugs employed in the management of diabetes are often reported to possess side effects, thus 

undesirable for prolonged use [3]. Furthermore, the specificity of these drugs towards their target and 

the nature of diabetes as a metabolic disorder makes a single therapy a challenge for some individuals. 

The need for combined therapy leads to more side effects [3]. Additionally, the cost of diabetic therapy 

is often expensive for some individuals, especially in low-income countries [4,5]. Therefore, the need 

for an affordable, safe, and efficient alternative.  

Drugs from plant sources are often considered as alternate sources especially for low-income 

countries and rural communities due to their efficacy and low cost with minimized side effects. The use 

of plant-based drugs in diabetes is due to their phytoconstituents associated with various individual and 

synergistic modes of action [6]. In some cases, these phytoconstituents are isolated and studied for their 

antidiabetic activities while in others as crude extracts [6]. Identification of these compounds has gained 

attention in recent times as these compounds are sources of novel drugs for the management of ailments 

[7]. Different studies previously reported the application of different plants and compounds of plant 

origin with antidiabetic activities. These studies often involve animal models and in other cases in vitro 

studies to justify their use in folkloric medicine [8-13]. Furthermore, in traditional practice, plants of 

different types including D. mespiliformis are formulated in various preparations, including decoction 

and maceration to extract these compounds for medicinal applications.  

 D. mespiliformis is a plant native to West Africa and often called West African ebony or African 

ebony. It is an evergreen tree growing up to 25 meters in drylands, often used as a source of food because 

of its edible fruit and for medicinal purposes [14]. In folkloric medicine, the roots and bark of the plant 

are employed in the treatment of infections, toothaches, fever, wound healing, malaria, leprosy, and 

headache [15]. Furthermore, previous studies reported that the plant exerts pharmacological activities, 

including hypoglycemic, antioxidant, neuropharmacological, analgesic, antiproliferative, and 
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antimicrobial properties [16]. However, the determination of the activity and identification of the 

constituent compounds of the different fractions of the plant present gaps in knowledge. This includes 

the interactions of these constituents with the proteins involved in the pathology of oxidative stress and 

diabetes. Additionally, the ADMET properties of the compounds also present unexplored gaps. Thus, 

in our study, we investigated the phytochemical profile, antioxidant, antidiabetic, and ADMET 

properties of the crude ethanol extract (CR) of Diospyros mespiliformis and its ethyl acetate (EEF) and 

aqueous fractions (AQF). Additionally, we investigated the ADMET properties of the identified 

compounds and their interaction with different antioxidant and antidiabetic targets. 

MATERIAL AND METHOD 

Sample Collection and Preparation  

Fresh leaves sample of D. mespiliformis (DM) was obtained from Mayo-belwa local government 

of Adamawa State. The plant was authenticated by a Forest technologist with a voucher specimen 

(ASP/FT/078) deposited in the Department of Forestry Technology. The plant was air-dried and ground 

to powder then 7 days of maceration of 1 kg of the powder in 70% (v/v) ethanol. This was followed by 

filtering and concentrating the filtrate to dryness at 40ºC with a rotary evaporator (Buchi Rotavapor R-

200) yielding 150 g of the crude extract (green-colored). 

Extract Fractionation  

Exactly 100 g of the crude extract (CR) was completely dissolved in 250 ml of distilled water and 

transferred to a separating funnel for partitioning with ethyl acetate until a clear ethyl acetate layer was 

observed. The ethyl acetate layer was collected as the ethyl acetate fraction (EEF) while the aqueous 

layer as the aqueous fraction (AQF). Both fractions were subjected to the same drying procedure stated 

for the CR yielding 28.04 g of EEF (reddish brown color) and 67.12 g of AQF (dark green color). The 

extract and its fractions were stored at 4℃ until needed for analysis.  

Phytochemical Screening  

The secondary metabolites (phytochemicals), including alkaloids, saponins, steroids, glycosides, 

terpenoids, and flavonoids were detected by the methods previously described by Evans [17] to ascertain 

their presence or absence.  

Gas Chromatography-Mass Spectroscopy (GC-MS) Analysis 

 A combined GC-MS (Agilent 19091-433HP, USA) fused with a silica column was used to 

identify the compounds present in DM. The procedures and instrumentation settings were as we 

described previously [18]. 

Antioxidant Assay  

Total Antioxidant Capacity (TAC) 

The TAC of the samples was determined according to the protocol described by Prieto et al., [19]. 

Briefly, 0.5 ml of the sample (300 µg/ml) was incubated with the phosphor-molybdate reagent while the 

same volume of varying concentrations (20-100 µg/ml) of ascorbic acid [AA (standard)] was used to 

obtain the standard calibration curve of concentration versus absorbance. The blank was made up of the 

phosphor-molybdate reagent and distilled water incubated in the same condition as the sample and AA. 

The TAC of the samples was expressed as AA equivalent (AAE) in µg/ml. All values were determined 

in triplicates.  

Total Reducing Power (TRP) 

The protocol described by Oyaizu [20] was employed to determine the TRP of samples. Briefly, 

0.25 ml of the sample (100 µg/ml) dissolved in distilled water was used while the same volume of 

varying concentrations of AA (20-100 µg/ml) incubated similarly to the samples was used to obtain the 

AA calibration curve. The blank was a mixture of the reagents without samples. The TRP was expressed 
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as AAE in µg/ml. All values were determined in triplicates. 

Ferric Thiocyanate Method (FTC) 

The procedure described previously by Kikuzaki and Nakatani [21] was employed to determine 

the lipid peroxidation inhibitory potential of the samples. Briefly, 4 ml of the sample (1 mg/ml) dissolved 

in absolute ethanol was used whereas the same volume and concentration of AA dissolved in absolute 

ethanol was used as a standard. A mixture without the sample was used as blank. The percentage 

inhibition was determined according to Equation 1 [22]. All values were determined in triplicates.  

% Inhibition = 100 −
At 

Ac 
 𝑥 100   Equation 1 

Where At = Absorbance of sample while Ac = Absorbance of control 

Thiobarbituric Acid Method (TBA) 

The protocol described by Kikuzaki and Nakatani [21] was adopted to further determine the anti-

lipid peroxidation effects of the samples. Briefly, 1 ml of 1 mg/ml of the sample and ascorbic acid (AA) 

solutions from the FTC method were used with AA regarded as a standard while the mixture without 

sample was blank. The malonaldehyde (MDA) concentration was determined by equation 2 using the 

extinction coefficient 156 mM-1 cm-1 as previously described [23]. All values were determined in 

triplicates. 

MDA concentration =
OD 

EC
 𝑥 Sample volume     Equation 2 

Where OD = Absorbance of the sample while EC = Extinction coefficient 

Hydrogen Peroxide (H2O2) Scavenging Assay 

The procedure described by Zang [24] was followed to determine the H2O2 scavenging potential 

of the samples. Briefly, 2 ml of varying concentrations (20-100 µg/ml) of the sample and AA was used 

with AA regarded as a standard while the reaction mixture without the sample was used as a blank for 

the titration. All values were determined in triplicates.  

In silico Study  

Drug-likeness  

The identified compounds were further screened for drug-like properties and subjected to 

molecular docking and molecular dynamics studies. The drug-likeness screening was carried out using 

the DruLiTo software by applying Lipinski’s rule, Veber rule, and Ghose Filter. Only compounds that 

passed Lipinski’s rule and either Veber or Ghose filters were further subjected to the molecular docking 

and molecular dynamics study.  

Molecular Docking (MD) and Molecular Dynamics Simulation (MDS) 

The compounds were downloaded from the PubChem website in SDF formats and energy-

minimized by PyRx software (PyRx- Python Prescription 0.8) for molecular docking. The docking 

pockets were identified using the PrankWeb: Ligand Binding Site Prediction online server [24]. The 

target proteins were downloaded from the RSCB protein data bank website and prepared using the 

AutoDockTools software version 1.5.7 [25] by removing identical chains, heteroatoms, and water 

molecules. The PyRx software was used for the molecular docking where only the top 10 compounds 

with the lowest binding energy (BA) were selected. The 2D and 3D interactions of the docked complexes 

were depicted using the LigPlot+ (version 2.2.8.) [27] and PyMol (Version 2.0 Schrödinger, LLC) 

softwares, respectively while the salt bridges were identified using the Protein-Ligand Interaction 

Profiler online server [28]. The compounds with their PubChem ID are listed in Table 1 while the targets, 

including their PDB IDs and docking coordinates in Table 2. The molecular dynamics simulations were 

done with the Webnm online server [29] to determine the chain and residue displacements of the docked 

complexes with the lowest BA identified above. The inhibition constant was determined from the BA 
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by the equation; Ki=exp ∆G/RT, where T=298.15 K (temperature), R=1.985 x 10-3 kcal-1 mol-1 k-1 (the 

universal gas constant), and ∆G=binding affinity [30].  

Table 1. List of the compounds screened for drug-likeness 

Names of the Compounds  Designation  PubChem ID 

(2,2,6-trimethylbicyclo [4.1.0] hept-1-yl) methanol I 535115 

1-(4-Bromobutyl)-2-piperidinone II 536377 

4a-methyl-7-(propan-2-yl) octahydronaphthalen-2(1H)-one III 41133 

2,3-Dimethylfluorobenzene IV 96489 

2,7-Octanedione V 74196 

3-(Acetyloxy)-2-isopropyl-2-methyl butyl acetate VI 538234 

3-(azepan-1-yl)-1,2-benzothiazole 1,1-dioxide VII 535203 

4-Phenylpiperidine VIII 69873 

Butyraldehyde, semicarbazone IX 9601714 

Caryophyllene oxide X 1742210 

cis-(Z)-alpha.-Bisabolene epoxide XI 91753574 

Cubedol  XII 11276107 

Ethyl 4-isopropenyl-6-methyl-2-oxo-6-heptenoate XIII 543224 

Farnesol XIV 445070 

Isometheptene XV 22297 

Lilac alcohol A XVI 526973 

Table 2. List of docking targets for the MD  

Activity  Target PDB ID Docking coordinates 

X Y Z 

Antioxidant Xanthine Oxidase (XO) 3NVZ 23.23 -16.02 35.78 

Cytochrome P450 21A2 (CytP450 21A2) 4Y8W -14.71 12.04 28.68 

NADH Oxidase (NOX) 5ER0 -6.76 -53.62 50.91 

Antidiabetic Protein tyrosine phosphatase 1B (PTP1B) 2ZMM 46.08 15.49 3.12 

Peroxisome proliferator-activated receptor 

gamma (PPARγ) 

4EMA 14.16 6.91 44.56 

ADMET Study 

The compounds with top interactions (lowest BA) identified from the MD were further screened 

for drug-like properties, including absorption, distribution, metabolism, excretion, and toxicity 

(ADMET) using the pkCSM – pharmacokinetics online server [31].  

Statistics  

The results obtained were expressed as mean ± standard error of the mean (± SEM) and 

statistically evaluated by one-way analysis of variance followed by Tukey's multiple comparison tests 

at p < 0.05 level of significance. The statistical analysis was carried out using the Statistical Package for 

Social Sciences (SPSS) version 22 software.   

RESULT AND DISCUSSION  

The phytochemical components of the CR, EEF, and AQF of the DM leaf are shown in Table 3. 

Alkaloids and steroids were detected in the CR and EEF only. Saponins were detected in the CR and its 

fractions while flavonoids were absent in the EEF.  

Phytochemicals have different affinity for different solvents depending on the solvent polarity 

and the type of phytochemical extracted depends on the solvent employed during extraction [33-34]. 

Moreover, during the partitioning process, the phytochemicals with higher affinity towards a solvent 

will partition in that solvent [35-37]. Thus, saponins detected in all the solvents might be attributed to 
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their amphiphilic nature and affinity towards ethyl acetate and water. The detection of flavonoids in only 

the CR and AQF might be due to the presence of polar flavonoids. Moreover, the steroids detected might 

be hydrophobic, thus, they were not detected in the AQF. Similar results were previously reported 

[38,39].  

Table 3. Phytochemical composition of CR, EEF, and AQF of DM leaf 

Phytochemical  CR EEF AQF 

Alkaloids  + + - 

Saponins + + + 

Steroids  + + - 

Glycosides - - - 

Terpenoids - - - 

Flavonoids  + - + 

*(+: Present, -: Absent) 

GC-MS Analysis  

Table 4 shows the identified compounds in the EEF of DM. Exactly 54 compounds were 

identified in the EEF of DM made up of mostly long-chain aliphatic and aromatic compounds. Squalene 

was the most abundant (33.41%) next to Lilac alcohol A and Caryophyllene oxide with peak areas of 

13.23 and 5.17 %, respectively. The least abundant compound was 8-Methylenepentadecane (0.01%). 

Furthermore, Figure 1 shows the structures of the compounds while the GC-MC chromatogram is shown 

in 3a.  

Squalene identified as the most abundant compound in the EEF of DM might be attributed it its 

non-polar nature as ethyl acetate is a moderately polar solvent. Thus, extracting squalene in higher 

abundance than distilled water (AQF) [32-34]. Moreover, this compound has been associated with 

pharmacological actions against hypoglycemia, LDL-C, and cardiovascular diseases [40]. Therefore, it 

might contribute to the antidiabetic effects reported in our study. Lilac alcohol A (2-(5-Methyl-5-

vinyltetrahydro-2-furanyl)-1-propanol) is another compound detected in the EEF next to squalene in 

abundance which might be due to its moderate solubility. Caryophyllene oxide is another moderately 

soluble compound identified in the EEF in high abundance. This compound has been previously reported 

to exert antidiabetic [41], antioxidant activities [41], and anti-obesity [42] activities. Therefore, it might 

also be a notable contributor to the antidiabetic effect reported in our study. Moreover, some of the 

compounds reported were previously associated with antidiabetic properties including, humulene [43], 

Caryophyllene [44], Nerolidol [45], Farnesol [46], and 2- Chloropropionic acid, octadecyl ester [47]. 

Table 5 presents the compounds identified in the AQF of DM. Exactly 44 compounds were 

identified with linoleic acid as the most abundant with a peak area of 29.86% next to palmitic acid 

(15.13%) and phytol (5.90%) while 2, 7-Octanedione was the least abundant (0.02%). Additionally, the 

structure of the identified compounds in the AQF is presented in Figure 2 while Figure 3b shows the 

GC-MS chromatogram.  

Linoleic acid, palmitic acid, and phytol were detected in high abundance in the AQF. These 

compounds were not partitioned into the EEF and, thus, left in the AQF. Linoleic acid (an omega-6 fatty 

acid) has been previously reported to exert hypoglycemic effects in diabetic rats [48]. Additionally, 

some of the identified compounds in AQF were reported to exert antidiabetic effects including squalene 

[49]. 

Table 4. Compounds identified in the EEF of DM 

S/N Name RT Area (%) MW 

1 N-Nitrosopiperazine 5.12 0.02 115.13 

2 8-Methylenepentadecane 5.19 0.01 224.42 

3 5-Methyl-1-undecene 5.27 0.01 168.32 



Dahiru and Musa                                                                                            J. Fac. Pharm. Ankara, 48(2): 412-435, 2024 418 

Table 4 (continue). Compounds identified in the EEF of DM 

S/N Name RT Area (%) MW 

4 1-Chloro-2-methylazetidine 6.82 0.03 105.56 

5 4-Phenylpiperidine 6.94 0.08 161.24 

6 Caryophyllene 7.26 0.83 204.35 

7 Humulene 7.61 0.47 204.35 

8 Santolina triene 7.72 0.08 136.23 

9 2,3-Dimethylfluorobenzene 8.01 1.37 124.16 

10 Cubedol 8.16 1.17 222.37 

11 Nerolidol 8.48 0.46 222.37 

12 Patchulane 8.67 4.29 206.37 

13 4-Methylenecyclohexanemethanol 8.87 1.52 126.20 

14 (E, Z)-alpha-Farnesene 9.12 1.70 204.35 

15 Farnesol 9.27 1.10 222.37 

16 Lilac alcohol A 9.61 13.23 170.25 

17 Caryophyllene oxide 9.78 5.17 220.35 

18 Cycloheptanone, 2-(2-methylpropylidene)- 10.09 1.13 166.26 

19 Ethyl 4-isopropenyl-6-methyl-2-oxo-6-heptenoate 10.34 0.63 224.30 

20 Nerolidyl propionate 10.43 0.70 278.40 

21 Palmitic acid, methyl ester 10.61 1.36 270.45 

22 cis-(Z)-alpha.-Bisabolene epoxide 10.87 0.52 220.35 

23 Octadecoxy ethanol 10.95 0.68 314.55 

24 Cembrane 11.15 0.20 280.53 

25 1-Octacosanol 11.22 0.23 410.76 

26 cis-10-Nonadecenoic acid 11.49 2.63 296.49 

27 2- Chloropropionic acid, octadecyl ester 11.58 2.52 361.00 

28 11-Cyclopentylheneicosane 11.73 0.95 364.69 

29 Hexadecyl 2-chloropropanoate 11.93 2.51 332.95 

30 17-Pentatriacontene 12.06 2.30 490.93 

31 Stearyl vinyl ether 12.09 0.79 296.53 

32 Eicosyl perfluorobutyrate 12.14 1.72 494.60  

33 1-Bromo-11-iodoundecane 12.24 1.75 361.10 

34 Docosane 12.39 2.73 310.60 

35 Octadecanal 12.80 1.51 268.48 

36 1,19-Eicosadiene 12.91 1.45 278.52 

37 Docos-1-ene 13.16 0.96 308.58 

38 (Z, Z) -3,13-Octadecadienyl acetate 13.19 0.31 308.50 

39 Hexacos-1-ene 13.23 1.92 364.69 

40 3-(azepan-1-yl)-1,2-benzothiazole 1,1-dioxide 13.53 0.64 264.35 

41 Propane, 1,1,3-tricyclohexyl- 13.62 1.10 290.53 

42 Octadeca-1-ene 13.87 1.20 252.48 

43 Hentriacontane 14.27 0.17 436.84 

44 Trichlorooctadecyl silane 15.22 0.18 387.93 

45 Squalene 16.62 33.41 410.72 

46 Diethyl malonic acid, monochloride, 2-acethylphenyl ester 17.24 0.41 296.74  

47 Hexadecyl ether 17.91 1.22 466.87 

48 Tetratriacontane 18.43 0.02 478.92 

49 2,2-Dimethyl-3-(3,7,16,20-tetramethyl-heneicosa-3,7,11,15,19-pentaenyl)-oxirane 18.59 0.02 412.70  

50 1,26-Dibromohexacosane 19.22 0.03 524.50  

51 Octatriacontyl pentafluoropropionate 19.24 0.01 697.00  

52 Octacosane 19.79 0.14 394.76 

53 Hexatriacontane 19.83 0.13 506.97 

54 Aspidospermidin-17-ol, 1-acetyl-19,21-epoxy-15,16-dimethoxy- 19.94 0.06 414.50 

RT= Retention time, MW= Molecular weight 
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Figure 1. Structural formulas of compounds identified in the EEF of DM 

 

Figure 2. Structural formulars of compounds identified in the AQF of DM 
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Table 5. Compounds Identified in the AQF of DM 

S/N Name RT Area (%) MW Formula 

1 Deuterochloroform 8.16 0.10 120.38 CDCl3 

2 Dichloromethane 8.79 0.13 84.93 CH2Cl2 

3 2,7-Octanedione 9.22 0.02 142.20 C8H14O2 

4 Methyl silazane  11.59 0.07 113.25 C6H13Si 

5 4,5-Dimethylnonane 13.76 0.16 156.31 C11H24 

6 1,2,5-Thiadiazole-3,4-dicarboxylic acid 14.26 0.26 174.14  C4H2N2O4S 

7 3-(Acetyloxy)-2-isopropyl-2-methylbutyl acetate 15.21 0.13 230.30  C12H22O4 

8 Isometheptene 15.44 0.07 141.25 C9H19N 

9 1-Methyltridecyl methoxyacetate 16.46 0.55 286.40 C17H34O3 

10 Octadecan 16.58 0.74 254.49 C18H38 

11 2-Ethyl-1-dodecanol 16.78 0.18 214.39 C14H30O 

12 Phytyl acetate 16.89 3.13 338.6  C22H42O2 

13 Bicyclo[3.1.1]heptane, 2,6,6-trimethyl-, (1α,2β,5α)- 16.97 3.90 138.25 C10H18 

14 Octadec-9-yne 17.23 0.86 250.46 C18H34 

15 3-Eicosyne 17.39 1.29 278.52 C20H38 

16 1,4-Eicosadiene 17.43 2.20 278.5  C20H38 

17 Methyl isohexadecanoate 18.00 2.60 270.45 C17H34O2 

18 Butyraldehyde, semicarbazone 18.26 0.78 129.16  C5H11N3O 

19 1-(4-Bromobutyl)-2-piperidinone 18.36 1.15 234.13  C9H16BrNO 

20 Ethyl caproate 18.64 4.95 144.21 C8H16O2 

21  Palmitic acid 19.11 15.13 256.42 C16H32O2 

22 Phytol 19.90 5.90 296.53 C20H40O 

23 2-Hexyldecanol 20.54 1.33 242.44 C16H34O 

24 cis,cis-Linoleic acid 20.90 29.86 280.45 C18H32O2 

25 12-Methyl-E,E-2,13-octadecadien-1-ol 21.88 0.12 280.50 C19H36O 

26 2-Methyl-Z,Z-3,13-octadecadienol 21.95 1.48 280.5  C19H36O 

27 3-Eicosene, (E)- 22.28 0.91 280.53 C20H40 

28 cis-11-Hexadecenal 22.96 0.68 238.41 C16H30O 

29 1,2-15,16-Diepoxyhexadecane 23.10 0.35 254.41 C16H30O2 

30 7,11-Hexadecadienal 23.41 0.46 236.39  C16H28O 

31 Phthalic acid 23.54 1.72 390.56 C24H38O4 

32 Petroselinic acid 23.98 0.67 282.46 C18H34O2 

33 Stearaldehyde 25.05 0.18 268.48 C18H36O 

34 2-Hydroxycyclopentadecanone 25.33 0.90 240.38 C15H28O2 

35 3-(azepan-1-yl)-1,2-benzothiazole-1,1-dioxide 26.00 0.17 264.35 C13H16N2O2S 

36 Squalene 26.47 4.57 410.72 C30H50 

37 Trans-13-Octadecenoic acid 27.17 1.03 282.46 C18H34O2 

38 Hexacosane 27.94 0.90 366.71 C26H54 

39 Selinene 28.45 1.05 204.35 C15H24 

40 
2(1H)-Naphthalenone, octahydro-4a-methyl-7-(1-methyl-

ethyl)-, (4a. alpha.,7. beta.,8a. beta.)- 
28.49 0.08 208.34  C14H24O 

41 Caparratriene 28.52 0.22 206.37  C15H26 

42 (2,2,6-trimethylbicyclo [4.1.0] hept-1-yl) methanol 28.59 0.09 168.28 C11H20O 

43 Ergost-25(27)-ene-3,5,6,12-tetrol  28.63 0.25 448.7  C28H48O4 

44 1-Chlorononadecane 32.62 1.66 302.97 C19H39Cl 

RT= Retention time, MW= Molecular weight 
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Figure 3. GC-MS chromatogram of compounds identified in the: a) EEF and b) AQF of DM 

Antioxidant Potential  

TAC 

Figure 4 presents the AA calibration curve (a) and the AAE of the TAC of CR, EEF, and AQF of 

DM (b). At 300 µg/ml, the CR exhibited a significantly (p < 0.05) higher TAC (73.59 ± 0.011 µg/ml 

AAE) than EEF (41.28 ± 0.003 µg/ml AAE) and AQF (31.28 ± 0.005 µg/ml AAE). Furthermore, the 

EEF and AQF were not significantly different (p > 0.05) from each other.  

 

Figure 4. TAC of DM: a) AA calibration curve and b) AAE TAC of DM. Values with a superscript 

are significantly (p < 0.05) lower than CR 

AA used as a standard in the determination of the antioxidant effect demonstrated a concentration-

dependent absorbance yielding a standard calibration curve (Figures 4a and 5a). All the tested samples 

(CR, EEF, and AQF) exhibited lower total antioxidant capacity compared to AA. This is not surprising 

considering AA is a standard water-soluble antioxidant and the test medium was polar [50]. The CR 

extract demonstrating significantly higher total antioxidant capacity might be attributed to the 

synergistic and additivity properties of phytochemicals [51,52] as some compounds present in the EEF 

were absent in AQF. Therefore, their combined presence in the CR showed a higher total antioxidant 

capacity.  
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TRP 

The AA calibration curve (a) and the AAE of the TRP of CR, EEF, and AQF (b) are presented in 

Figure 5. At 100 µ/ml, the AQF showed a significantly (p < 0.05) higher TRP (106.84 ± 3.46 µg/ml 

AAE) than the CR (93.23 ± 5.63 µg/ml AAE) and EEF (92.35 ± 6.96 µg/ml AAE). However, the CR 

and EEF were not significantly (p > 0.05) different from each other.  

The AQF exhibited a slightly higher TRP than AA but significantly (p < 0.05) higher than CR 

and EEF. The TRP of a compound is due to its electron-donating ability [53]. The superior reducing 

power of the AQF might be attributed to the presence of compounds with high electron-donating 

potential in the AQF. Although these compounds might be present in the CR, the antagonist effects [52] 

of some compounds present in the CR but absent in AQF might negatively impact the antioxidant 

activity of the CR.  

 

Figure 5. TRP of DM: a) AA calibration curve and b) AAE total reducing power of DM. Values with 
asuperscript are significantly (p < 0.05) lower than AQF 

FTC  

The antioxidant capacity of CR, EEF, and AQF expressed by the FTC method is presented in 

Figure 6a. At 1 mg/ml, the EEF demonstrated a significantly (p < 0.05) higher inhibition (48.38% ±4.61) 

than ascorbic acid (32.64% ±4.40), CR (18.39% ±3.80), and AQF (11.23% ±3.66) in the final day of the 

experiment (day 6).  

 

Figure 6. Antioxidant capacity of DM expressed by: a) FTC and b) TBA methods. Values with a 

superscript are significantly (p < 0.05) lower than EEF 
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TBA 

The antioxidant potential of CR, EEF, and AQF expressed by the TBA method is shown in Figure 

6b. At 1 mg/ml, the EEF and AQF demonstrated lower MDA concentration (0.75 ±0.01 nmol/ml) than 

the CR (0.88 ±0.02 nmol/ml) and AA (0.84 ±0.01 nmol/ml) on day 6, similar to the result observed for 

EEF in the FTC method.   

H2O2 Scavenging Assay 

Figure 7 presents the H2O2 scavenging activity of CR, EEF, and AQF. The AQF demonstrated 

significantly (p < 0.05) higher (82.72% ±1.88) scavenging at the 20 µg/ml concentration than AA 

(51.52% ±2.43), CR (33.33% ±2.16), and EEF (63.64% ±2.66). Furthermore, the AQF demonstrated 

significantly (p < 0.05) higher scavenging compared to the CR and EEF at 60, 80, and 100 µg/ml 

concentrations, with no significant (p > 0.05) difference with AA at 100 µg/ml concentration. 

 

Figure 7. H2O2 scavenging activity of DM. Values with a, b, and c superscripts are significantly           

(p < 0.05) higher than AA, CR, and EEF, respectively 

In the FTC method, the early stage of lipid peroxidation due to the production of peroxides is 

considered. Here, the peroxides combine with ferrous chloride yielding ferric ions which subsequently 

react with ammonium thiocyanate to produce the red-colored ferric thiocyanate [54]. The prevention of 

the formation of the red product by the samples is exploited here. Thus, a lower absorbance value 

translates to higher anti-peroxidation potential. In our study, the EEF exhibited the highest inhibition 

and lowest MDA concentration demonstrating a significantly higher anti-peroxidation capacity than all 

the extracts and ascorbic acid. The superiority of the EEF against ascorbic acid in the FTC method might 

be due to the weak antioxidant capacity of ascorbic acid in a non-polar medium [50] and the semi-polar 

nature of ethyl acetate. A similar observation was made in the TBA method with ethyl acetate 

demonstrating the lowest MDA concentration after day 6. The high antioxidant activity observed at the 

beginning of the experiment which diminished continuously for AA and CR demonstrated powerful 

anti-lipid peroxidation. However, the EEF and AQF demonstrated a longer antioxidant potential and, 

thus, a better anti-peroxidation activity. In the hydrogen peroxide scavenging method, the AQF 

exhibited the highest scavenging ability, significantly higher than the CR and EEF. This further justifies 

the high reducing power of the AQF reported earlier (Figure 5).  

Persistent hyperglycemia associated with diabetes promotes oxidative stress over time via 

reactive oxygen species (ROS) generation and the depletion of the inherent antioxidant system [55]. 

Some of the problems encountered with antioxidants are storage instability and poor solubility [55] as 
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revealed by the poor performance of AA in the FTC and TBA method. Furthermore, lipid peroxidation 

due to persistent hyperglycemia is a major concern in diabetes [56]. Thus, the antioxidant activity 

demonstrated by CR, EEF, and AQF might contribute to the antidiabetic activity of DM by ameliorating 

oxidative stress.  

In silico Study 

MD and MDS  

Antioxidant Activity 

Table 6 exhibits the results of the docking interactions of XO with the top 10 compounds. 

Compound VII exhibited the least BA (-8.8 kcal/mol) and Ki (0.35µM) next to XI with respective BA 

and Ki of -7.4 kcal/mol and 3.71 µM. Moreover, VII exhibited a superior number of HBs (3) than XI 

(2) though the latter had more HBIs (11). The low BA, Ki, and higher HBs of VII might contribute to a 

stable and more favorable dock pose than the other compounds as lower BA translates to an energy-

favorable docked complex. The BA defines an inverse of the strength and level of interaction between 

a macromolecule (target) and the ligand (small molecule or compound) [57] while the Ki defines the 

inhibition constant. XO is a crucial enzyme in the metabolism of purine and catalyzes the rate-limiting 

step [56]. However, it is linked to oxidative stress by utilizing oxygen as an electron acceptor rather than 

NAD+ yielding superoxide anions free radical and other ROS [59]. Thus, the favorable binding of 

compound VII might affect the enzyme activity and minimize its effects. Moreover, Figure 8a shows 

the 2D and 3D docking interactions of XO with compounds VII and XI.  The MDS result is shown in 

Figure 8b depicting the chain and residue displacement indicating hinge regions with higher 

displacement notably between residues 995 to 1028. Thus, further revealing the flexibility of the 

complex and possible XO inhibition. Additionally, high XO activity was reported to be associated with 

type 2 diabetes [60]. Therefore, a decrease in its activity might be associated with antidiabetic activity 

via alleviation of oxidative stress.  

 

Figure 8a. Docked complex of XO with compounds VII (a and c) and XI (b and d) 
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Figure 8b. MDS result of docked XO showing; a) cluster and b) residue displacements 

Table 6. Docking interactions of XO with compounds VII and XI 

Compounds  Binding Affinity (kcal/mol) Ki (µM) Hydrogen Bonds Hydrophobic Interactions  

VII -8.8 0.35 3 9 

XI -7.4 3.71 2 11 

X -6.7 12.12 0 8 

III -6.5 16.99 1 6 

XII -6.5 16.99 0 8 

XIV -6.4 20.12 1 12 

VIII -6.2 28.20 0 8 

VI -5.9 46.82 3 10 

XIII -5.8 55.44 2 7 

XVI -5.7 65.65 3 8 

 

Table 7 displays the docking interactions of CytP450 21A2 with the compounds. Compound X 

displayed the lowest BA (-8.5 kcal/mol) and Ki (0.58µM) next to XII with BA and Ki of -8.3 kcal/mol 

and 0.81 µM, respectively. However, XII exhibited a superior number of HBs (4) with slightly lower 

HBIs (8). Additionally, compounds VII and IV participated in SB (ASP288) and π-cationic (TRP202) 

interactions, respectively. Moreover, Figure 9a shows the interactions of CytP450 21A2 with 

compounds X and XI depicting the residues participating in both HBs and HBIs interactions. CytP450 

21A2 belongs to the heme monooxygenases family with their activities associated with the generation 

of ROS by uncoupled catalytic action [61]. Thus, in ailments associated with depletion of the inherent 

antioxidant system such as diabetes, inhibition leading to its decreased activity might contribute to 

decreased oxidative stress.  

Table 7. Docking interactions of CytP450 21A2 with compounds VII and XI 

Compounds Binding Affinity 

(kcal/mol) 

Ki (µM) Hydrogen 

Bonds 

Hydrophobic 

Interactions 

Salt 

Bridge 

π-

Stacking 

X -8.5 0.58 0 10 
  

XII -8.3 0.81 4 8 
  

VII -8.2 0.96 1 8 ASP288 
 

III -7.9 1.60 1 9 
  

XII -7.5 3.14 1 11 
  

VIII -7.2 5.21 0 9 
  

I -6.9 8.64 4 5 
  

XIV -6.9 8.64 4 7 
  

XIII -6.5 16.99 3 8 
  

IV -6.4 20.12 0 4 
 

TRP202 
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Figure 9a. Docked complex of CytP450 21A2 with compounds X (a and c) and XII (b and d) 

Furthermore, the MDS result of the docked CytP450 21A2 complex is exhibited in Figure 9b 

showing high cluster and residue displacements (3.343 Å) close to the mid-chain residues which might 

disrupt its tertiary structure and its activity.  

 

Figure 9b. MDS result of docked CytP450 21A2 showing; a) cluster and b) residue displacements 

Table 8 reveals the docking interactions of NOX with the compounds. The lowest BA (-8 

kcal/mol) and Ki (1.35µM) were demonstrated by compound VII followed by III with respective BA 

and Ki of -6.9 kcal/mol and 8.64 µM. Higher interaction was also observed for VII with a superior 

number of HBs and HBIs than the other compounds including an SB formed with GLU32. Moreover, 

compounds III, VIII, and XIII were involved in SB formation with GLU32, GLU32, and HIS10, 

respectively. NOX are groups of membrane-bound proteins transferring electrons across the membrane 



J. Fac. Pharm. Ankara, 48(2): 412-435, 2024                                                                         Dahiru and Musa 427 

to oxygen-generating superoxide anions and ROS such as the hydroxyl and H2O2 radicals [62]. Thus, in 

a state of impaired body antioxidant systems such as diabetes, ROS accumulate. Decreased activity of 

this enzyme in these ailments might lead to decreased oxidative stress and promote healing.  

Table 8. Docking interactions of NOX with compounds VII and III 

Compounds Binding Affinity 

(kcal/mol) 

Ki (µM) Hydrogen Bonds Hydrophobic 

Interactions 

Salt Bridge 

VII -8 1.35 2 12 GLU32 

III -6.9 8.64 1 10 
 

XI -6.7 12.12 0 12 
 

XII -6.6 14.35 3 8 
 

XIV -6.3 23.82 3 10 
 

VIII -6.2 28.20 0 8 GLU32 

X -6.2 28.20 0 10 
 

XIII -5.8 55.44 8 3 HIS10 

III -5.6 77.73 1 10 GLU32 

IV -5.6 77.73 0 10 
 

Figure 10a shows the HBs and HBIs formation by NOX with compounds VII and III depicting a 

stabilized docked complex. Figure 10b displays the MDS result depicting the cluster and residue 

displacements with notable displacements at both terminals. However, higher displacements up to 3.385 

and 2.285 Å were observed at residues 365 and 426, respectively. This might disrupt the enzyme activity 

by disrupting its tertiary structure, further indicating a possible inhibition of the enzyme by the 

compounds.  

 

Figure 10a. Docked complex of NOX with compounds VII (a and c) and III (b and d) 
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Figure 10b. MDS result of docked NOX showing; a) cluster and b) residue displacements 

Antidiabetic Activity 

Table 9 reveals the docking interactions of PTP1B with the compounds. Compound III exhibited 

the lowest BA (-7.5 kcal/mol) and Ki (3.14 µM) slightly lower than X with BA and Ki of -7.4 kcal/mol 

and 3.71 µM, respectively. Additionally, III exhibited 3 HBs and 7 HBIs, slightly higher and lower than 

X, respectively.  

Figure 11a depicts the docking interactions of PTP1B with compounds III and X revealing the 

HBs and HBIs. Both compounds formed HBs with ARG221 and SER216 residues. Additionally, the 

MDS of the docked PTP1B complex is displayed in Figure 11b showing the chain cluster and residue 

displacements. Notable displacement was observed at 6 regions depicting hinge regions and cluster 

movements with the highest displacement (2.65 Å) at approximately mid-chain (residue 265).  

 

Figure 11a. Docked complex of PTP1B with compounds III (a and c) and X (b and d) 
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Figure 11b. MDS result of docked PTP1B showing; a) cluster and b) residue displacements 

Table 9. Docking interactions of PTP1B with the compounds  

Compounds Binding Affinity 

(kcal/mol) 

Ki 

(µM) 

Hydrogen 

Bonds 

Hydrophobic 

Interactions 

π-Cation Salt 

Bridge 

Halogen 

Bond 

III -7.5 3.14 3 7 
   

X -7.4 3.71 2 9 
   

VII -7.2 5.21 2 7 
   

XI -7.2 5.21 0 11 
   

XIV -7 7.30 2 11 
   

VIII -6.8 10.23 0 7 
   

XIII -6.7 12.12 4 8 
 

LYS120 

ARG221 

 

XII -6.3 23.82 1 10 
   

IV -6.2 28.20 1 7 PHE182 
 

LYS120 

II -5.8 55.44 1 8 
   

PTP1B is an insulin-desensitizing enzyme that downregulates the insulin receptor 

phosphorylation. Therefore, decreases insulin sensitivity in tissues via the insulin signaling pathway and 

promotes insulin resistance [63]. Inhibition of its activity promotes insulin signaling and absorption of 

glucose and decreases hyperglycemia. Thus, a promising target of diabetic therapy. In our study, the 

docking of the top two compounds in the PTP1B active site interacting with the amino acids might block 

the activity of the enzyme and decrease insulin resistance.  

The docking interaction of PPARγ with the compounds is displayed in Table 10 depicting the 

various binding interactions. Compound X exhibited a slightly lower BA (-8.5 kcal/mol) and Ki (0.58 

µM) than XII with a BA and Ki of -8.3 kcal/mol and 0.81 µM, respectively. However, the latter had a 

higher number of HBs (1) and HBIs (13). Furthermore, these docking interactions are displayed in 

Figure 12a showing the HBs and HBIs whereas the MDS of the docked PPARγ complex is shown in 

Figure 12b depicting the cluster and residue displacement.  

Table 10. Docking interactions of PPARγ with the compounds  

Compounds Binding Affinity (kcal/mol) Ki (µM) Hydrogen Bonds Hydrophobic Interactions  

X -8.5 0.58 0 6 

XII -8.3 0.81 1 13 

VII -8.2 0.96 1 10 

III -7.9 1.60 0 6 

XII -7.5 3.14 0 14 

VIII -7.2 5.21 0 12 

I -6.9 8.64 1 6 

XIV -6.9 8.64 3 10 

XIII -6.5 16.99 1 14 

IV -6.4 20.12 0 8 
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PPARγ is part of the nuclear hormone receptors family acting as ligand-modulated transcription 

factors that regulate lipid metabolism by simulating insulin sensitivity, proliferation, and cell 

differentiation [64]. These receptors have emerged as antidiabetic drug targets, notably the 

thiazolidinediones which lower insulin resistance and improve glycemic control [64]. In our study, 

compounds X and XII interacted with PPARγ with low BA and Ki in the thiazolidinediones binding 

pocket which might its activity and improve insulin resistance.  

 

Figure 12a. Docked complex of PPARγ with compounds X (a and c) and XII (b and d) 

 

Figure 12b. MDS result of docked PPARγ showing; a) cluster and b) residue displacements 

The ADMET predictions of the top two compounds with the least BA and Ki are displayed in 

Table 11. Compound VII was predicted to be slightly soluble (-2.87 log mol/L) while the others were 

insoluble with III (-4.98 log mol/L) being the least. However, the compounds were predicted to have 

high human intestinal absorption with compound X (95.88%) demonstrating the highest percentage of 

absorption while VII (94.24%) was the least. Furthermore, compounds VII (-3.60 log Kp), X (-3.07 log 

Kp), and XI (-3.27 log Kp) were predicted to be skin permeant while III and XII were relatively less 

permeant. Moreover, the compounds were predicted to be neither inhibitors of P-glycoproteins nor its 
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substrate. For a compound to exert pharmacological effects, it must be effectively absorbed and remain 

bioavailable for a while which also contributes to safe usage and predicts its onset and intensity [65]. In 

our study, some of the compounds were predicted to possess good absorption properties.  

Table 11. ADMET properties of the compounds 

ADMET Properties III VII X XI XII 

Absorption Water solubility (log mol/L) -4.98 -2.87 -4.42 -4.60 -4.55 
 Human Intestinal absorption (%) 95.10 94.24 95.88 95.29 94.86 
 Skin permeability (log Kp) -1.76 -3.60 -3.07 -3.27 -2.23 
 P-glycoprotein substrate No No No No No 
 P-glycoprotein I inhibitor No No No No No 
 P-glycoprotein II inhibitor No No No No No 

Distribution The volume of distribution [VDss (log L/kg)] 0.45 0.01 0.59 0.53 0.55 
 Human fraction unbound  0.21 0.26 0.33 0.33 0.19 
 BBB permeability (log BB) 0.64 0.31 0.65 0.67 0.68 
 CNS permeability (log PS) -1.75 -2.85 -2.52 -2.57 -1.97 

Metabolism CYP2D6 substrate No No No No No 
 CYP3A4 substrate Yes No No No Yes 
 CYP1A2 inhibitor No No Yes No Yes 
 CYP2C19 inhibitor No No Yes Yes Yes 
 CYP2C9 inhibitor No No Yes No No 
 CYP2D6 inhibitor No No No No No 
 CYP3A4 inhibitor No No No No No 

Excretion Total clearance (log ml/min/kg) 1.05 0.33 0.91 1.24 0.89 
 Renal OCT2 substrate  No No No No No 

Toxicity  Human max. tolerated dose (log mg/kg/day) -0.21 0.12 0.19 0.22 -0.32 
 hERG I inhibitor No No No No No 
 hERG II inhibitor No No No No No 
 LD50 [rats (mol/kg)] 1.56 2.68 1.55 1.48 1.69 
 Hepatotoxicity No Yes No No No 
 Skin sensation  Yes No Yes Yes Yes 

 

Compound X was predicted to have a higher (0.59 log L/kg) steady-state volume of distribution 

(VDss) than the others with the lowest VDss exhibited by VII (0.01 log L/kg). The VDss predicts the 

amount of the compound required to be equally distributed between tissues and plasma with higher 

values (log VDss > 0.45) indicating higher concentration in tissues while values < -0.15 and > 0.45 are 

considered low [31]. Thus, in our study, the compounds had higher VDss. Furthermore, X and XI had 

similar fraction unbound values (0.33) while XII had the lowest value (0.19). Compounds XII, XI, X, 

and III exhibited similar BBB (blood-brain barrier) permeability properties in order of decreasing values 

(0.69-0.64 log BB) while VII had the lowest (0.31 log BB). The log BB value accounts for the crossing 

of the BBB which determines brain toxicity and side effects as a log ratio of brain-plasma drug 

concentration [31]. In our study, the compounds were predicted to be BBB permeant. Moreover, VII 

showed the lowest (-2.85 log PS) CNS (central nervous system) permeability next to XI (-2.57 log PS) 

and X (-2.52 log PS) while III (-1.75 log PS) had the highest. A CNS permeability value (log PS) >-2 is 

considered CNS permeant while < -3 is not. Thus, the compounds were predicted to be CNS permeant 

in our study.   

All the compounds were predicted to be non-CYP2D6 substrates but III and XII were CYP3A4 

substrates. X and XII were CYP1A2 and CYP2C19 inhibitors while XI inhibited only the latter. 

Additionally, X was predicted to be a CYP2C9 inhibitor while none were CYP2D6 and 3A4 inhibitors. 

CytP450 is associated with the metabolism and subsequent excretion of many compounds and their 

inhibitors can alter their effects on drugs [31]. CYP2D6 and CYP3A4 metabolize many compounds. In 

our study, compounds III and XII were predicted to be metabolized by these enzymes while VII was 

neither a substrate nor inhibitor of the cytP450 enzymes. Compound XI had the highest (1.24 log 

ml/min/kg) total clearance rate next to III (1.05 log ml/min/kg) while VII (0.33 log ml/min/kg) had the 
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lowest. Additionally, all the compounds were not renal OCT2 (organic cation transporter 2) substrates. 

The renal OCT2 is crucial in the clearance and disposition of drugs in the kidney [31], thus, the 

compounds can easily undergo renal clearance and disposition.  

Compounds X (0.19 log mg/kg/day) and XI (0.22 log mg/kg/day) were predicted to have slightly 

different maximum tolerable doses in humans while XIII had the lowest (-0.32 log mg/kg/day). A 

maximum tolerated dose < 0.477 log (mg/kg/day) is considered low while above the value is high [31]. 

Thus, the compounds were within the low range. Moreover, the compounds were predicted not to be 

hERG I and II inhibitors. Compound VII has the highest (2.68 mol/kg) LD50 value while III (1.56 

mol/kg), X (1.55 mol/kg), and XI (1.48 mol/kg) had slightly different values though the latter had the 

lowest. Compound VII was predicted to be hepatotoxic, however, it’s the only one predicted not to exert 

skin sensation.    

In our study, the antioxidant and antidiabetic potential of DM leaf was explored by investigating 

its secondary metabolites, antioxidant, and antidiabetic activity. Among the compounds, 3-(azepan-1-

yl)-1,2-benzothiazole 1,1-dioxide and caryophyllene oxide were the most antioxidant compounds. This 

isn’t surprising considering their high abundance in the EEF which exhibited the highest anti-

peroxidation by the FTC and TBA methods. Thus, there is a correlation between the in vitro and in-

silico results. Moreover, 3-(azepan-1-yl)-1,2-benzothiazole 1,1-dioxide showed good drug candidacy 

predicted by the ADMET study. For the antidiabetic activity, caryophyllene oxide was identified as the 

most antidiabetic compound next to 4a-methyl-7-(propan-2-yl) octahydronaphthalen-2(1H)-one. 

Although the present study showed the antioxidant, antidiabetic, and ADMET of these compounds, 

further studies such as isolation and in vivo antioxidant and antidiabetic studies of the compounds will 

further document these properties. Additionally, structural modification of the compounds might 

enhance the ADMET properties of the compounds.  Conclusively, DM contains several compounds that 

might be associated with the antioxidant and antidiabetic activity of the plant due to the observed 

scavenging and the in-silico antioxidant, antidiabetic, and ADMET study. Additionally, all the extracts 

possess significant antioxidant activity and some of the identified compounds might be novel sources of 

antioxidant and antidiabetic drugs. 
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