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In this work, new bioactive terpenoids (1-2) and flavonoid (3) have been isolated from the chloroform extract of the seeds of Mucuna 

pruriens. The structures of the isolated compounds were established by spectroscopic analysis. In vitro antibacterial and antifungal 

activities of these compounds have been studied. Compound 2 showed the highest inhibition value (16.0 ± 0.5 mm) against S. aureus and 

(19.3 ± 0.6 mm) against B. subtilis. Compound 2 also exhibited significant antifungal activities with inhibition value (16.0 ± 0.6) mm and 

(6.0 ± 1.0) mm against T. harzianum and A. niger, respectively. Molecular docking studies and ADME prediction of the compounds were 

performed. Compound 2 showed good binding affinity ranging between -7.5 to -7.6 kcal/mol with targeted receptors. 
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INTRODUCTION 

 Mucuna pruriens is popularly known as Alkushi in 

Bangladesh [1] and belongs to the family Fabaceae and genus 

Mucuna. It is an annual twinning, climbing shrub with long 

vines that can reach over 15 m in length and distributed 

throughout India and Bangladesh. Flowers are white to dark 

purple in colour and hang in long clusters. The seeds are 

black in colour with pale brown specks uniform in shape 9 to 

12 mm long. M. pruriens, an important species in this genus, 

has been utilised as a food source since its seeds contain high 

protein content. Therefore, populations, in local areas, consume 

both the green pods and the mature beans of M. pruriens by 

cooking or boiling them. 

 Furthermore, the roasted and ground seeds of M. pruriens 

have been produced as a coffee substitute for at least several 

decades in Bangladesh. It has a wide variety of medicinal appli-

cations against severe ailments [2-4]. Previous biological 

studies have reported that M. pruriens possesses anti-Parkinson 

[5], antidiabetic [6], antioxidant [7,8] antibacterial activities [9], 

antimicrobial activity [10] and antivenom activity [11] as well 

as male fertility and aphrodisiac effects [12,13]. The different 
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classes of compounds such as glycosides, alkaloids, steroids, 

flavonoids and amino acids were reported [14,15]. In addition, 

the seeds of M. pruriens contain various kinds of phyto-

chemical, such as carbohydrates and amino acids, as well as 

antinutrient substances such as polyphenols, tannins, saponins 

[16,17] and alkaloids [18]. As a part of our ongoing research 

for bioactive natural products, the current phytochemical inves-

tigation on the seeds of M. pruriens has led to the isolation of 

three new natural products (1-3). The present paper describes the 

structure determination, bioactivity and molecular docking 

studies of the isolated compounds. 

EXPERIMENTAL 

 All the reagents were purchased from Merck and Sigma- 

Aldrich and were used directly without any purification. IR 

spectra were recorded on a Shimadzu FT-IR 20 spectrophoto-

meter, Japan. NMR experiments (1H, 13C, COSY, HSQC and 

HMBC) were carried out on a Bruker AVANCE 400 spectr-

ometer (Bruker AG, Karlsruhe, Germany). Mass spectra were 

measured on a MAT 95XL Finnigan instrument (Thermo Quest 

Finnigan, Germany) for electrospray ionisation (ESI).  
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 Plant material: Matured seeds of Mucuna pruriens were 

collected from the hilly region of the district of Chattogram 

situated in the southeastern region of Bangladesh during the 

month of August 2025. The plant was identified by Prof. A. 

Rahman, Department of Botany, University of Chittagong and 

a voucher specimen was deposited at the Department of Botany, 

University of Chittagong. 

 Extraction and isolation: Seeds of M. pruriens (3.5 kg) 

were dried powdered and extracted successively with petro-

leum ether (3 × 72 h), chloroform (3 × 72 h) and methanol (3 

× 72 h). The sample was then filtered through Whatman No. 

1 filter paper in Buchner funnel. The filtered solution was 

evaporated under vacuum in a Rotary evaporator at 40 ºC to 

a constant weight. Evaporation to dryness petroleum ether 

extract gave solid mass 32 g, chloroform extract gave 65 g and 

methanol extract gave 62 g. The concentrated extracts were 

stored in airtight container in the refrigerator below 10 ºC. 

The chloroform extracts (5 g) were chromatographed on a 

silica gel column and eluted with n-hexane-EtOAc (4:1) to 

give compound 1 (177 mg), compound 2 (210 mg) and a 

mixture of 720 g. The solid mass 720 mg was rechromatogra-

phed on a silica gel column and eluted with n-hexane-EtOAc 

(2:1) to give compound 3 (270 mg). Three compounds (1-3) 

were purified by repeated crystallisation from solvent system 

n-hexane-EtOAc (3:1).  

Test for steroid  

 Salkowski test: About 2-3 drops of conc. H2SO4 was 

added to chloroform solution of compound 1 and compound 

2, shaken and allowed to stand, appearance of red colour in 

lower layer indicates the presence of sterol [19,20]. 

 Liebermann-Burchard test: Compounds 1 and 2 were 

mixed with the chloroform and few drops of acetic anhydride 

and mixed well. Conc. H2SO4 was added from the sides of 

the test tube slowly until the ring appears; appearance of 

reddish-brown ring indicates the presence of steroid [19,20]. 

Test for flavonoid  

 Shinoda test: To a compound 3, a few small pieces of 

magnesium ribbon and 3-4 drops of conc. HVl were added. 

Appearance of red to pink colour after few minutes indicates 

the presence of flavonoid [20].  

 Lead acetate test: To a compound 3 added few drops of 

aqueous basic lead acetate solution. Formation of yellow 

precipitate indicates presence of flavonoid [20]. 

 Alkaline reagent test/NaOH test: Few drops of NaOH 

solution were added to extract. Intense yellow colour disap-

peared after adding dilute HCl which indicates the presence 

of flavonoids [20]. 

 Compound 1: White amorphous solid, m.p.: 130-131 

ºC, soluble in CHCl3, Rf: 0.66 (n-hexane-EtOAc, 1:5); IR 

(KBr, max, cm–1): 3412 (O-H), 1734 (>C=O, ester). 1H and 
13C NMR (400 and 100 MHz, CDCl3, Table-1). EI-MS: m/z 

687.4824 [M+1]+ (C41H66O8), 363, 323, 201, 163, 123. 

 Compound 2: Brown amorphous solid, m.p.: 145-146 ºC, 

soluble in CHCl3, Rf: 0.62 (n-hexane-EtOAc, 1:5); IR (KBr, 

max, cm–1): 3420 (O-H), 1736 (>C=O, ester), 1704 (>C=O, 

ketone). 1H and 13C NMR data (400 and 100 MHz, CDCl3, 

Table-2). EI-MS: m/z 711.4857 [M+1]+ (C43H66O8), 375, 337, 

213, 163, 125.  

 Compound 3: White amorphous solid, m.p.: 172-173 ºC, 

soluble in CHCl3, Rf: 0.48 (n-hexane-EtOAc, 1:2); IR (KBr, 

max, cm–1): 3388 (O-H), 1695 (>C=O, ,-unsaturated ketone). 
1H and 13C NMR data (400 and 100 MHz, CDCl3, Table-3). 

EI-MS m/z 663.3864 [M+1]+ (C40H54O8), 445, 221, 155, 137. 

 Antimicrobial assay: The isolated compounds (1-3) were 

evaluated for in vitro antibacterial and antifungal activity using 

the agar disc diffusion method [21]. Mueller Hinton Agar 

(Himedia, India) and Potato Dextrose Agar (Himedia, India) 

served as the basal media for bacterial and fungal strains, resp-

ectively. Sterile, uncontaminated plates were inoculated with 

test organisms using a cotton swab. After preparation the basal 

media were incubated for 24 h with continuous monitoring. 

Only non-contaminated dishes were preferred for this assay. 

Inoculation process of test organism on media was performed 

by a sterile cotton bar. The discs containing sample were 

smoothly placed on pre-inoculated agar plates. The plates 

were than incubated aerobically at 37 ºC for 24 h and at 26 ºC 

for 48 h in case of antibacterial and antifungal assays, respe-

ctively. DMSO (dimethyl sulfoxide) was used as control for 

both experiments. Cefixime and amphotericin B were used as 

positive controls in antibacterial and antifungal assays, resp-

ectively. Each disc was charged with 25 L of sample solution 

in DMSO which contain 300 g of synthesised compounds. 

In addition, 10 L of cefixime amphotericin B solution in 

DMSO was used to charge per disc which contains 50 g of 

standard cefixime or amphotericin B as positive control. The 

dishes were then incubated for 24 h and the diameter of inhib-

ition zones (mm) were measured in millimeters using a meas-

uring scale. The experiment was performed in triplicate. The 

study tested two Gram-positive bacteria (Staphylococcus aureus, 

Bacillus subtilis), two Gram-negative bacteria (Salmonella 

typhimurium, Escherichia coli) and two fungal strains 

(Trichoderma harzianum, Aspergillus niger).  

 Molecular docking analysis: Molecular docking analyses 

of compound 2 was executed using the software programs 

Gaussian 09, PyRx 0.8 and PyMol [22]. The structural optimi-

sation of the compound was conducted with Gaussian 09, 

utilizing the B3LYP/6-31+G (d,p) basis set within the DFT 

approach. 

 Protein preparation: The 3D crystal structures of the 

target proteins were obtained from the Protein Data Bank 

(PDB) database (https://www.rcsb.org) [23]. To remove non-

protein elements, ligands and water molecules, the Discovery 

Studio program was utilized, assigning polar hydrogen atoms 

and Kollman charges to the receptor protein. The energy cal-

culations and the creation of a 3D grid were performed using 

Auto Dock Vina [24], while PyRx software was employed to 

analyze ligand-protein interactions. All docked complexes were 

then evaluated for their lowest binding energy values (Kcal/ 

mol) and were examined for hydrogen and hydrophobic 

interactions using Discovery Studio. 

 In silico ADMET prediction: The pharmacokinetics 

analysis of the isolated compounds 1-3 was observed with the 

Lipinski’s rule of five and Veber’s rule [25]. The percentage 

of absorption (% ABS) was calculated using eqn. 1:  

  ABS (%) = 109 – (0.3459 × TPSA) (1) 

where TPSA stands for topological polar surface area. 

https://www.rcsb.org/
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RESULTS AND DISCUSSION 

 Three new natural compounds 1-3 were isolated and 

characterised from the chloroform extract of Mucuna pruriens 

seeds. The structures of all compounds 1-3 were established 

by IR, 1H NMR, 13C NMR, COSY, HSQC, HMBC and mass 

spectroscopic analysis.  

 Compound 1 (Fig. 1a), gave Salkowski and Liebermann-

Burchard reaction for steroid and terpenoid [19,20]. The IR 

spectrum of compound 1 showed a broad absorption for O-H 

stretching at max. 3412 cm–1. It also showed sharp absorptions 

at max 1734 cm–1 for >C=O function of an ester. 1H NMR 

spectrum showed five olefinic protons appeared at  5.26 

(1H, t, J = 4.8 Hz, H-6), 5.27 (1H, t, J = 4.8 Hz, H-8), 5.32 

(1H, t, J = 4.8 Hz, H-9), 5.36 (1H, t, J = 4.8 Hz, H-8) and 

5.34 (1H, t, J = 4.8 Hz, H-9). Four down fielded absorptions 

for four methane protons appeared at  4.30 (1H, m, H-3), 

4.31 (1H, m, H-17), 4.31 (1H, m, H-2), 4.28 (1H, d, J = 4.4 

Hz, H-2) and down fielded two sets of methylene protons 

appeared at  4.12 (2H, d, J = 6 Hz, H-10) and 4.13 (2H, d, 

J = 6 Hz, H-10). 

 Earlier literature review had revealed that genus Mucuna 

contains a number of steroids, terpenoids along with long 

alkyl chain [14,15]. Attempt was made to correlate comp-

ound 1 with those of reported in the literature and this is in 

line with the observation that compound 1 contains a number 

of alkyl chains in the molecule. 13C NMR spectrum revealed 

the presence of 41 carbons in the molecule. 13C NMR (DEPT) 

spectrum showed the presence of 18 methylene carbons and 

four methyl carbons in the molecule. Two carbonyl carbons 

appeared at  173.2 (C1) and 173.1 (C1), six olifinic carbons 

appeared at  131.8 (C5), 130.1 (C6), 129.9 (C8), 127.8 

(C9), 129.9 (C8) and 128.0 (C9). Chemical shifts of all  

 

 

 

 
Fig. 1. Selected HMBC correlations of compounds 1, 2 and 3 

TABLE-1 
1H AND 13C NMR SPECTRAL DATA OF COMPOUND 1 (CDCl3, δ, ppm, J, Hz)* 

C atom 13C, δ 1H, δ COSY C atom 13C, δ 1H, δ COSY 

1 29.4 1.29; 1.24 (m)  3ʹ 31.7 2.75 (m)  

2 29.6 1.59; 1.24 (m)  4ʹ 29.0 1.29 (m)  

3 65.5 4.30 (m)  5ʹ 29.2 1.29 (m)  

4 31.5 2.01; 1.59 (m)  6ʹ 29.1 1.29 (m)  

5 131.8 –  7ʹ 24.8 2.29 (m)  

6 130.1 5.26 (t, J = 4.8) H-7 8ʹ 129.9 5.27 (t, J = 4.8) H-7ʹ,9ʹ 

7 34.0 2.02; 1.59 (m)  9ʹ 127.8 5.32 (t, J = 4.8) H-8ʹ,10ʹ 

8 33.9 1.59 (m)  10ʹ 62.0 4.12 (d, J = 6.0) H-9ʹ 

9 33.8 1.59 (m)  11ʹ 14.2 0.90 (d, J = 4.0) H-3ʹ 

10 31.8 –  1ʹʹ 173.1 –  

11 31.9 1.29; 1.24 (m)  2ʹʹ 68.5 4.28 (d, J = 4.4) H-3ʹʹ 

12 29.6 1.29; 1.24 (m)  3ʹʹ 31.8 2.75 (m)  

13 29.3 –  4ʹʹ 29.0 1.29 (m)  

14 31.8 1.59 (m)  5ʹʹ 29.1 1.29 (m)  

15 34.0 1.29; 1.24 (m)  6ʹʹ 29.1 2.04 (m)  

16 34.1 2.04; 1.59 (m)  7ʹʹ 24.8 2.29 (m)  

17 65.4 4.31 (m)  8ʹʹ 129.9 5.36 (t, J = 4.8) H-7ʹʹ, 9ʹʹ 

18 14.0 0.88 (s)  9ʹʹ 128.0 5.34 ((t, J = 4.8) H-8ʹʹ,10ʹʹ 

19 14.0 0.86 (s)  10ʹʹ 64.9 4.13 (d, J = 6.0) H- 9ʹʹ 

1ʹ 173.2 –  11ʹʹ 14.1 0.89 (d, J = 4.0) H-3ʹʹ 

2ʹ 68.9 4.31 (d, J = 4.4) H-3ʹ     

*Assignments were based on COSY, HMBC, HSQC and DEPT (135º) experiments. 
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protons and carbons of compound 1 are given in Table-1. The 

mass spectrum (EI-MS) of compound 1 exhibited highest 

molecular ion peak at m/z 687.4824 [M+1]+, consistent with 

the molecular formula C41H66O8. Analysis of all spectral data 

structure 1 is suggested for compound 1 and characterised as 

[(8ʹZ,8ʹʹZ)-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17- 

tetradecahydro-1H-cyclopenta[]phenanthrene-17-yl(2,10-

dihydroxy-3-methyldec-8-enoate)-3-yl(2,10-dihydroxy-3-

methyldec-8-enoate)] (1). 

 Compound 2 (Fig. 1b) also gave colour reactions for 

steroid and terpenoid [19,20]. IR spectrum of compound 2 

showed a broad absorption band at max 3420 cm–1 for O-H 

stretching. It also showed sharp absorption at max 1736 cm–1 

for >C=O (ester) and at 1704 cm–1 for >C=O (ketone). The 

EI-MS of compound 2 showed the highest molecular ion 

peak at m/z 711.4857 [M+1]+ corresponding to the molecular 

formula C43H66O8. The chemical shifts of protons showed the 

presence of five olifinic protons at  5.34 (1H, t, J = 4.8 Hz, 

H-6), 5.35 (1H, m, H-3), 5.33 (1H, m, H-4), 5.35 (1H, m, H-3) 

and 5.33 (1H, m, H-4). Two down fielded methine protons 

appeared at  4.27 (1H, m, H-3), 4.15 (1H, t, J = 4.8 Hz, H-

17) and down fielded two sets of methylene protons appeared 

at  3.52 (2H, t, J = 4 Hz, H-11) and 3.54 (2H, t, J = 4 Hz, 

H-11). 13C NMR spectrum of compound 2 showed the pres-

ence of four carbonyl carbons at  179.9 (C1), 173.9 (C8), 

177.1 (C1) and 173.8 (C8). Six olifinic carbons appeared 

at  131.8 (C5), 130.1 (C6), 130.1 (C3), 129.9 (C4), 128.2 

(C3) and 127.2 (C4). Carbon and proton content and their 

absorption patterns indicate compound 2 contains a number 

of side chains in the molecule. The connectivity of the side 

chains and location of functional groups are confirmed by 

HMBC, HSQC and COSY correlations. Absorptions of all 

protons and carbons of compound 2 are given in Table-2. 

Thus, on the basis of above spectral data structure 2 was con-

firmed to the compound 2. Compound 2 is thus characterised 

as (3E,3E)-10,13-dimethyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17- 

tetradecahydro-1H-cyclopenta[]phenanthrene-3-yl(11-hyd-

roxy-2-methyl-8-oxoundec-3-enoate)-17-yl(11-hydroxy-

2-methyl-8-oxoundec-3-enoate) (2). 

 Compound 3 (Fig. 1c) gave positive colour test for flavo-

noid [20]. IR (KBr, max, cm–1): 3388 (O-H), 1695 (>C=O, 

,-unsaturated ketone). The EI-MS of compound 3 had a 

molecular ion peak at m/z 663.3864 [M+1]+, indicative of the 

molecular formula C40H54O8. 1H and 13C NMR data of comp-

ound 3 in CDCl3 are given in Table-3. Compound 3 contains 

12 aromatic carbons appeared at  151.8 (C5), 128.0 (C6), 

142.8 (C7), 115.8 (C8), 137.4 (C9), 135.3 (C10), 129.1 (C1), 

142.9 (C2), 124.0 (C3), 136.0 (C4), 123.4 (C5), 126.3 (C6). 

One carbonyl carbon and six olifinic carbons appeared at  

179.1 (C4) and 130.9 (C3), 130.9 (C4), 130.9 (C8), 130.9 

(C9), 130.9 (C9), 130.9 (C10), respectively. Four 

aromatic and six olefinic protons appeared at  8.15 (1H, s, 

H-3), 7.09 (1H, d, J = 8.4 Hz, H-5), 7.50 (1H, d, J = 8.4 Hz, 

H-6), 8.15 (1H, s, H-8), 5.84 (1H, d, J = 8.4 Hz, H-C3), 5.82 

(1H, d, J = 8.4 Hz, H-C4), 5.39 (1H, d, J = 6.4 Hz, H-C8), 

5.37 (1H, d, J = 6.4 Hz, H-C9), 6.63 (1H, d, J = 6.4 Hz, H-

C9), 6.61 (1H, d, J = 6.4 Hz, H-C10), respectively. One 

phenolic (OH) proton attached with C5 appeared at  8.15 

(1H, s, HO-C5). Based on the above spectral data compound 

3 was identified as (E)-5-hydroxy-3-(2-((7-hydroxydec-

8-en-1-yl)oxy)-4-((8-hydroxydec-9-en-1-yl)oxy)-

phenyl)-2,2-dimethyl-2,3-dihydropyrano[3,2-g]chromen-

4(8H)-one (3).  

 

TABLE-2 
1H AND 13C NMR SPECTRAL DATA OF COMPOUND 2 (CDCl3, δ, ppm, J, Hz)* 

C atom 13C, δ 1H, δ COSY C atom 13C, δ 1H, δ COSY 

1 29.4 1.30; 1.25 (m)  4ʹ 129.9 5.33 (m)  

2 34.0 1.62; 1.25 (m)  5ʹ 29.2 2.76 (m)  

3 68.9 4.27 (m)  6ʹ 27.1 1.30 (m)  

4 34.0 1.62; 1.25 (m)  7ʹ 29.0 2.07 (t, J = 4.8) H- 6ʹ 

5 131.8 –  8ʹ 173.9 –  

6 130.1 5.34 (t, J = 4.8) H-7 9ʹ 29.2 2.07 (t, J = 4.8) H-10ʹ 

7 31.9 2.03; 1.62 (m)  10ʹ 27.1 2.03 (m)  

8 29.5 2.31 (m)  11ʹ 62.1 3.52 (t, J = 4.0) H-10ʹ 

9 29.4 2.34 (m)  12ʹ 20.7 0.96 (d, J = 7.2)  

10 29.3 –  1ʹʹ 177.1 –  

11 29.0 1.30; 1.25 (m)  2ʹʹ 31.5 2.76 (m)  

12 28.9 1.30; 1.25 (m)  3ʹʹ 128.2 5.35 (m)  

13 34.0 –  4ʹʹ 127.8 5.33 (m)  

14 29.2 2.05 (m)  5ʹʹ 31.1 2.76 (m)  

15 29.5 1.30; 1.25 (m)  6ʹʹ 27.1 1.30 (m)  

16 31.5 2.03; 1.62 (m)  7ʹʹ 29.3 2.07 (t, J = 4.8) H-6ʹʹ 

17 68.1 4.15 (t, J = 4.8) H-16 8ʹʹ 173.8 – H-7ʹʹ, 9ʹʹ 

18 14.0 0.88 (s)  9ʹʹ 29.1 2.07 (t, J = 4.8) H-10ʹʹ 

19 14.0 0.87 (s)  10ʹʹ 24.6 2.03 (m)  

1ʹ 179.9 –  11ʹʹ 64.9 3.54 (t, J = 4.0) H-10ʹʹ 

2ʹ 31.8 2.76 (m)  12ʹʹ 20.7 0.95 (d, J = 7.2)  

3ʹ 130.1 5.35 (m)      

*Assignments were based on COSY, HMBC, HSQC and DEPT (135º) experiments. 
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 Absorption patterns, number of protons and carbons contain 

of compounds 1-3, suggest the compounds contain side chains 

in the molecules [14,15]. The connectivity of the side chains 

were confirmed by analyzing 2D HMBC spectra (Fig. 1). All 

these compounds 1-3 are new natural products and were 

isolated for the first time from the seeds of the plant. 

 Antimicrobial activity: In vitro antimicrobial activities 

of the isolated compounds 1-3 were assayed against two 

Gram-positive and two Gram-negative bacteria along with 

two fungal strains by using agar disc diffusion method. The 

development of diameter of inhibition zones (mm ± S.D.) are 

shown in Table-4. Ceftriaxone and amphotericin B were used 

as standard. All the tested compounds 1-3 showed activities 

against bacterial and fungal strains. Compound 1 showed 

inhibition value (15.0 ± 0.6 mm) against S. aureus and inhibi-

tion value (18.0 ± 1.2 mm) against B. subtilis. Compound 2 

displayed the highest inhibition value (16.0 ± 0.5 mm) 

against S. aureus and (19.3 ± 0.6 mm) against B. subtilis. 

Compound 3 showed inhibition value (15.0 ± 1.0 mm) 

against S. aureus and (16.0 ± 1.5 mm) against B. subtilis. 

Compound 1 and 3 also exhibited inhibition value (10.0 ± 0.6 

mm) and (15.5 ± 0.6 mm) against S. typhimurium and 

inhibition value (17.5 ± 1.0 mm) and (13.0 ± 1.0 mm) against 

E. coli, respectively. Compound 2 also showed promising 

activities (17.0 ± 0.6 mm) and (19.5 ± 1.0 mm) against S. 

typhimurium and E. coli, respectively (Table-4). In antifungal 

study, compound 2 showed remarkable activities (16.0 ± 0.6 

mm) and (6.0 ± 1.0 mm) against fungal strains T. harzianum 

and A. niger. Compound 1 and 3 showed moderate antifungal 

activities with inhibition value (14.0 ± 1.0 mm), (5.2 ± 1.5 

mm) and (6.7 ± 1.3 mm), (5.3 ± 1.5 mm) against fungal strains 

T. harzianum and A. niger, respectively (Table-4). Thus, 

compound 2 exhibited excellent antimicrobial activity com-

pared to the standards and may serve as a lead candidate for 

the development of more potent and safer drugs in the future. 

 Molecular docking studies: Compound 2 showed signi-

ficant inhibition of both fungal receptor proteins. Compound 2 

was docked with the fungal protein receptors from T. 

harzianum (PDB ID: 5JBO) and A. niger (PDB ID: 1UKC) to 

assess its potential antifungal properties. A strong interaction 

TABLE-3 
1H AND 13C NMR SPECTRAL DATA OF COMPOUND 3 (CDCl3, δ, ppm, J, Hz)* 

C atom 13C, δ 1H, δ COSY C atom 13C, δ 1H, δ COSY 

2 65.1 3.95  1ʹʹʹ 65.0 3.71 (t, J = 6.0)  

3 33.8 2.80  2ʹʹʹ 34.0 1.43 (m)  

4 179.1 -  3ʹʹʹ 31.9 1.31 (m)  

5 151.8 -  4ʹʹʹ 29.3 1.31 (m)  

6 128.0 -  5ʹʹʹ 28.9 1.31 (m)  

7 142.8 -  6ʹʹʹ 31.5 2.37 (m)  

8 115.8 7.31 (s)  7ʹʹʹ 68.9 4.30 (d, J = 6.4)  

9 137.4 -  8ʹʹʹ 128.0 5.39 (d, J = 6.4)  

10 135.3 -  9ʹʹʹ 127.9 5.37 (d, J = 6.0)  

1ʹ 129.1 -  10ʹʹʹ 19.4 1.13 (s)  

2ʹ 142.9 -  1ʹʹʹʹ 62.1 3.67  

3ʹ 124.0 7.31 (s)  2ʹʹʹʹ 33.8 1.43 (m)  

4ʹ 136.0 -  3ʹʹʹʹ 31.6 1.31 (m)  

5ʹ 123.4 7.09 (d, J = 8.4)  4ʹʹʹʹ 29.1 1.31 (m)  

6ʹ 126.3 7.50 (d, J = 8.4)  5ʹʹʹʹ 29.0 1.31 (m)  

2ʹʹ 77.2 -  6ʹʹʹʹ 28.8 1.31 (m)  

3ʹʹ 130.9 5.84 (d, J = 8.4)  7ʹʹʹʹ 29.6 2.36 (m)  

4ʹʹ 130.2 5.82 (d, J = 8.4)  8ʹʹʹʹ 70.2 4.17 (d, J = 6.0)  

5ʹʹ 14.1 0.99 (s)  9ʹʹʹʹ 139.2 6.63 (d, J = 8.4)  

6ʹʹ 14.1 0.98 (s)  10ʹʹʹʹ 114.0 6.61 (d, J = 8.4)  

5-OH - 8.15 (s)      

*Assignments were based on COSY, HMBC, HSQC and DEPT (135º) experiments. 

 

 

TABLE-4 

ANTIBACTERIAL AND ANTIFUNGAL ACTIVITY OF THE COMPOUNDS (1-3) 

Compounds 

Antibacterial activity 
Antifungal activity 

Gram-positive bacteria Gram-negative bacteria 

S. aureus B. subtilis S. typhimurium E. coli T. harzianum A. niger 

1 15.0 ± 0.6 18.0 ± 1.2 10.0 ± 0.6 17.5 ± 1.0 14.0 ± 1.0 5.2 ± 1.5 

2 16.0 ± 0.5 19.3 ± 0.6 17.0 ± 0.6 19.5 ± 1.0 16.0 ± 0.6 6.0 ± 1.0 

3 15.0 ± 1.0 16.0 ± 1.5 15.5 ± 0.6 13.0 ± 1.0 6.7 ± 1.3 5.3 ± 1.5 

p < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 0.007 

Cef 40.3 ± 0.6 50.0 ± 1.0 42.7 ± 1.5 27.5 ± 1.2 – – 

Amp B – – – – 17.7 ± 0.6 8.3 ± 0.6 

The data are mean ± SD (standard deviation) 
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was noted between the compound and the receptors, as 

suggested by the values of the inhibition constant and the free 

energy of binding. Based on a theoretical evaluation of its 

antimicrobial potential, compound 2 seems to possess a strong 

level of effectiveness against fungi (Table-5 and Fig. 2). This 

relationship implies that the molecular docking findings can 

reliably predict biological activity, reinforcing the hypothesis 

that strong interactions between ligands and receptors are 

critical factors for antifungal efficacy. 

 
TABLE-5 

INTRAMOLECULAR INTERACTIONS OF  

COMPOUND 2 AND TARGET RECEPTORS 

Protein 

PDB ID 

Binding 

affinity 

(kcal/mol) 

Residues  

with H-bond 

interaction 

Hydrophobic 

interaction 

1UKC -7.5 

ASN134 LEU444(Alkyl) 

LEU298 TRP301(Pi-Alkyl) 

 PHE342(Pi-Alkyl) 

5JBO -7.6 

TRP357 TYR179(Pi-Alkyl) 

GLU339 TYR316(Pi-Alkyl) 

TYR179 PHE333(Pi-Alkyl) 

GLN319 TRP357(Pi-Alkyl) 

 

 In silico ADMET prediction: In silico ADMET predic-

tion is playing a crucial role in drug design and development 

process. Two well-known rules namely (i) Lipinski’s rule of 

five and (ii) Veber’s rule are generally applied to predict the 

pharmacokinetic properties of a drug candidate. There are 

various physicochemical descriptors include two rules such 

as molecular weight (MW ≤ 500), number of hydrogen bond 

acceptors (HBA ≤ 10), number of hydrogen bond donors 

(HBD ≤ 5) and lipophilicity (clogP ≤ 5), number of rotatable 

bonds (NROTB ≤ 10) and topological polar surface area 

(TPSA140 Å2). The ADMET properties of a drug candidate 

are significantly influenced by lipophilicity and TPSA para-

meters. A drug candidate can easily pass through biological 

membrane having reasonable lipophilicity character. Mole-

cules having higher lipophilicity (clogP ˃ 5) showed good 

adsorption and solubility in fats and lipids. Tested compounds 

1-3 showed lipophilicity values greater than 5 which indi-

cates their preference for dissolving in fats and lipids rather 

than water. This characteristic leads to poor aqueous solub-

ility and complications in drug absorption. TPSA value is corr-

elated with H-bonding and is one of the important indicators 

for drug oral bioavailability. The TPSA value represents low 

oral bioavailability when it exceeds 140 Å2. All compounds 

 

 

Fig. 2. 3D and 2D images of the binding mode between compound 2 with (a) T. harzianum (PDB ID: 5JBO) and (b) A. niger protein (PDB 

ID: 1UKC) 
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1-3 represent the TPSA values within the acceptable limit 

(114.6-133.5). The results obtained during ADME analysis 

are given in Table-6. Results show compounds 1-3 did not 

satisfy two parameters clogP ≤ 5 and NROTB ≤ 10 along 

with MW ≤ 500. Hence, compounds 1-3 showed moderate 

oral bioavailability by following partial Lipinski’s rule of five 

and Veber’s rule.  

 Toxicity risk factor is one of the crucial parameters in 

drug discovery and development process because most of the 

drugs could not pass in clinical trials due to their high toxicity 

risk factors. Generally, it is generated due to the presence of 

a particular group in the drug molecule. Toxicity of a drug 

depends on some parameters namely mutagenicity, tumori-

genicity, irritancy and reproductive effects of the compounds. 

All the tested compounds 1-3 showed low mutagenic and 

tumorigenic values and moderate irritant and reproductive 

values. The tested compounds showed drug score ranging from 

0.04-0.07. The predicted drug-likeness values of the comp-

ounds and standards are also presented in Table-7. Toxicity 

predictions of compounds 1-3 indicated low mutagenic and 

tumorigenic values, compounds 1 and 3 showing high irritancy 

and compound 2 displaying higher reproductive toxicity. 

These results indicate that the isolated compounds possess 

reasonable pharmacokinetic profiles but require structural opti-

mization to improve drug-likeness and safety. 

Conclusion 

 In this study, three new compounds 1-3 were isolated from 

the seeds of Mucuna pruriens. All the compounds were 

characterised by using IR, 2D, 3D, NMR and mass spectral 

data. In vitro antimicrobial activities of the isolated comp-

ounds 1-3 were assayed against two Gram-positive and two 

Gram-negative bacteria along with two fungal strains by using 

agar disc diffusion method. Antimicrobial results showed that 

the compounds displayed moderate to good activity against 

various pathogens. Compound 2 showed the highest antibact-

erial activities with inhibition values (16.0 ± 0.5 mm) against 

S. aureus and (19.3 ± 0.6 mm) against B. subtilis. Compound 2 

also showed promising antifungal activities with inhibition 

values (6.0 ± 1.0 mm) and (16.0 ± 0.6 mm) against A. niger 

and T. harzianum, respectively. To validate the antimicrobial 

results in silico ADMET prediction and molecular docking 

studies were performed. Compound 2 showed good binding 

affinity ranging between -7.5 to -7.6 and a variety of strong 

interactions with the effective binding sites of the target rece-

ptors. Pharmacokinetic profile of the isolated compounds 1-3 

showed the moderate drug oral bioavailability and may contri-

bute to the development of a more potent drug in the future.  
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TABLE-6 

PREDICTED PHARMACOKINETIC PROPERTIES OF ISOLATED COMPOUNDS (1-3) 

Compound 

Lipinski’s 

violations 

(≤ 1) 

Lipinski’s rule Veber’s rule 

logSg %ABSh MWa  

(≤ 500) 

HBAb 

(≤ 10) 

HBDc  

(≤ 5) 

clogPd  

(≤ 5) 

NROTBe  

(≤ 10) 

TPSAf 

(140 Å2) 

1 1 686.0 8 4 7.63 20 133.5 -7.2 62.82 

2 2 710.0 8 2 8.47 22 127.2 -7.84 65.00 

3 1 662.0 8 3 9.56 20 114.6 -8.5 69.35 

Cef 2 554.0 14 4 -2.95 8 287.3 -2.95 9.62 

Amp B 3 924.0 17 12 0.32 3 319.6 -5.08 -1.55 

AA 0 176.12 6 4 -1.40 2 107.22 -0.55 72.00 
aMolecular weight, bNumber of hydrogen bond acceptors, cNumber of hydrogen bond donor, dLipophilicity, eNumber of rotatable bonds, 
fTopological polar surface area, gSolubility parameter, hPercentage of absorption. 

 
TABLE-7 

In silico TOXICITY EFFECTS AND DRUG-LIKENESS VALUES OF ISOLATED COMPOUNDS (1-3) 

Compounds 
Toxicity effects 

Drug-likeness Drug-score 
Mutagenic Tumorigenic Irritant Reproductive 

1 Low Low High Medium -8.36 0.04 

2 Low Low Medium High -10.33 0.07 

3 Low Low High Low -16.13 0.05 

Ceftriaxone Low Low Low Low 16.69 0.63 

Amphotericin B Low Low Low Low -0.14 0.18 

Ascorbic acid High High Low High 0.02 0.16 
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