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ABSTRACT 
 

We herein report the cancer inhibition potentials of compounds extracted from Curcuma longa 
(Turmeric). The chemical contents were extracted in ethanol and chloroform respectively, analyzed 
with fourier transform infrared spectroscopy (FTIR) and gas chromatography mass 
spectrophotometry (GC-MS) techniques. The human progesterone receptor (4oar), epidermal 
growth factor receptor (4zau), and Human NUDT5 receptor (2dsd) were used as protein targets for 
the protein-ligand interaction using molecular docking method. Drug-like, pharmacokinetics, and 
pharmacodynamic properties were predicted using swissadme. Density functional theory (DFT) 
calculations were undertaken to relate the structures of the chemical constituents to their 
reactivities. The molecular docking results showed that the compounds identified in the                            
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GC-MS analysis interacted perfectly with the drug targets, Cyclohexadecane,                               
1,2-diethyl-, lunamarin and Cyclopenteno[4.3-b]tetrahydrofuran, 3-[(4-methyl-5-oxo-3-phenylthio) 
tetrahydrofuran-2-yloxymethylene]- gave the highest negative binding energy with the 4oar cancer 
protein target (−8.7 𝐾 𝑐𝑎𝑙 𝑚𝑜𝑙 −1) , lunamarin showed the best negative binding affinity 
(−8.5 𝐾 𝑐𝑎𝑙 𝑚𝑜𝑙−1) in the 4azu cancer protein while Benzo[h]quinoline, 2,4-dimethyl- showed the 

highest negative binding affinity (−7.6 𝐾 𝑐𝑎𝑙 𝑚𝑜𝑙−1) in 2dsd protein. SwissADME prediction results 
showed that the compounds have good pharmacokinetics, and pharmacodynamic properties: none 
of them violated more than one of Lipinski’s rule, DFT calculations showed good relationship 
between the compounds and their reactivities. The results obtained from the experiments revealed 
that compounds contained in Curcuma longa could exert positive effects towards the inhibition of 
cancer cells.  
 

 

Keywords: Cancer; turmeric; molecular docking, density functional theory, lipinski. 
 

1. INTRODUCTION 
 
Cancer is one of the world’s life-threatening 
diseases, and leading cause of death in humans. 
It is the second most deadly diseases around the 
world [1,2]. Cancer is an illness that starts with 
genetic and epigenetic changes occurring in 
specific cells, and some of them can spread and 
migrate to other tissues in the body [3]. It occurs 
as a result of genetic cell damage which show 
division difficulty and mutation [4]. Cancer is 
named depending on the part of the body 
affected hence we have prostate cancer, lung 
cancer, breast cancer, brain cancer e. t. c.  
 
Prostate cancer occurs when the prostate gland 
in men grows out of control and becomes 
malignant [5]. Lung cancer is the type that begins 
as a malignant growth in the lungs. People 
involved in cigarette smoking are at greater risk 
of contracting lung cancer. 
 
Breast cancer is one of the most lethal diseases 
found in women, it presents symptoms such as 
change in breast shape, a lump growing in the 
breast, fluid from the nipple, skin dimpling and 
scaly or red patch of skin [6] depending on the 
type, stage and the age of the patient. It is the 
leading type of cancer in women [7]. Most cancer 
treatment methods show adverse side effects 
and drug resistance. 
 
Molecular docking is a computer simulation 
method used in drug discovery to predict the 
binding procedures of ligands on protein targets. 
Bioactive materials called nutraceuticals, found in 
food sources such as turmeric can be used in the 
treatment of several diseases. Sourcing for 
molecular targets can help in the formation of 
disease-specific new therapies [8]. 
Nutraceuticals are natural food substances with 
therapeutic effects on human health that are 
found in dietary sources [9]. Molecular docking 

enables one to predict the binding affinity of 
nutraceuticals (ligands) with protein targets.  
 
Density functional theory is a computational 
chemistry method used to calculate electronic 
structures, it gives the most precise and reliable 
results for material systems [10], which can be 
compatible with experimental results. 
 

Previously 90 % of drug failure was due to poor 
pharmacokinetic profiles [11,12], poor drug 
toxicity management and lack of drug likeness 
data [13] in view of these difficulties the efforts in 
drug developments have focused on improving 
the process of discovery of drugs by evaluating 
their absorption, distribution, metabolism, and 
elimination (ADME) properties of molecules in 
the early stages of drug production [14]. The 
present work tries to ascertain the bioactive 
components of Curcuma longa (Turmeric) and 
screen them for their cancer inhibiting properties 
using molecular docking method. 
 

2. MATERIALS AND METHODS 
 

2.1 Procurement of Reagents and Plant 
Material 

 
Analytical grade reagents were used throughout 
the experiments, procured from a renowned 
reagent dealer in Owerri Imo State Nigeria. The 
Curcuma longa (Turmeric) rhizomes used in this 
project were harvested from the botanical garden 
of the Imo state university Owerri, sun dried, 
ground to powdered form using mortar and 
pestle. 400 g of the powder was soaked in 1 L of 
absolute ethanol and chloroform respectively and 
left for 72 h [15], the mixture was filtered with 
whatman grade 1 cellulose filter paper of size 
580 x 680 mm the filtrate was concentrated and 
submitted for Fourier transform infrared 
spectroscopy and Gas Chromatography -Mass 
Spectrophotometry examinations. 
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2.2 Phytochemical Screening 
 

To ascertain the functional groups present in the 
plant extract, FTIR analysis was performed. The 
analysis was done using SHIMADZU Model 
number 84008 at the facilities of the National 
research institute, Zaria Kaduna State Nigeria 
[16]. Phytochemical identification was done by 
GC-MS screening using an Agilent 19091S-
433UI GCMS model with parameters HP-5ms 
Ultra Inert 0 °C—325 °C (350 °C): 30 m x 250 
μm x 0.25 at the Amadu Bello university research 
laboratory. The obtained result was compared 
with the National Institute of Standards and 
Technology (NIST) mass spectral library [17]. 
 

2.3 Ligand Identification and 
Characterizations 

 

The 3-Dimensional structure-data files (SDF) of 
the identified compounds were sourced and 
downloaded from pubchem online database and 
used as the ligands for the molecular docking 
interaction. The ligands were minimized in PYRX 
online virtual screening tool with a universal force 
field at step 200 [18]. 
 

2.4 Identification and Preparation of 
Target 

 

Three cancer protein targets, the human 
progesterone receptor (4oar), epidermal growth 
factor receptor (4zau), and Human NUDT5 
receptor (2dsd) were identified from literature 
[19-21] and downloaded from protein databank. 
The amino acids in the active site of the 4aor 
protein include GLN 718, ASN 719, GLU 723, 
GLN 725, LEU 797, GYS 891 and THK 894, for 
the  4zau protein, the amino acids of the active 
site are VAL 726, ALA743, MET 793, PRO 794, 
GLY 796 and CYS 797 and 2dsd has active site 
amino acids as TPR 28, THR 45, TRP 46, GLN 
82, GLN 97, ALA 96, LEU 98, GLU 112, GLU 
113, GLU 116 and GLU 166. protein preparation 
was achieved by uploading the proteins to Biovia 
discovery studio where the co-crystallized ligand 
and the interfering crystallographic water 
molecules were respectively removed. The 
proteins were then saved as protein data bank 
files and used as the macromolecule in PYRX 
software for the molecular docking analysis. 
 

2.5 Molecular Docking Analysis 
 

Molecular docking to give a prediction of the 
ligand-receptor complex, was performed using 

the autodock vina found in PYRX visual 
screening molecular docking tool. The         
molecular docking analysis was achieved 
through two main interrelated steps: the first step 
was by sampling the conformations of the     
ligands in the active site of the target               
protein and the second is the ranking the 
conformations through a scoring function. The 
drug control used for the docking procedure was 
Abemaciclib, a drug used effectively for the 
control of cancer [22]. Post docking analysis was 
performed using the Biovia discovery studio          
[23] where the docking interactions were 
visualized. 
 

2.6 Drug Properties Examination 
 
The compounds with docking scores lower than 
−7.6 𝐾𝑐𝑎𝑙 𝑚𝑜𝑙−1 were selected and submitted to 
SwissADME (http://swissadme.ch/) to estimate 
ligands’ drug-likeness, physicochemical 
properties, pharmacokinetics, and medicinal 
chemistry friendliness characteristics. The 
canonical simplified molecular input line entry 
system (smiles) of the identified compounds 
were obtained from pubchem online database 
and submitted to SwissADME 
(http://swissadme.ch/) [24] for the adme analysis. 
The properties predicted were partition 
coefficient between n-octanol and water                      
(log Po/w), water solubility, human 
gastrointestinal absorption (HIA), blood-brain 
barrier (BBB), drug-likeness and total polar 
surface area (TPSA). 
 

2.7 Density Functional Theory 
Calculations  

 
Calculation of highest occupied molecular 
orbitals (HOMO) and lowest occupied molecular 
orbitals (LUMO) energies were performed using 
Acceryl material studio 7.0 software [16]. 
Geometric optimization in the Dmol3 tool of the 
material studio software was performed prior to 
the calculations.  
 

3. RESULTS 
 

3.1 Fourier Transform Infrared 
Spectroscopy (FTIR) Results 

 

FTIR examination was performed on the 
Curcuma longa powder and the spectrum is 
presented in Fig. 1 while the functional groups 
present are given in Table 1. 

 

http://swissadme.ch/
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Fig. 1. FTIR spectrum of the Curcuma longa powder 
 

Table 1. Functional groups found in the Curcuma longa powder 
 

S/No. Wavenumber (𝐜𝐦−𝟏) Functional group 

1.  3298.7 OH of alcohol 
2.  2959.5, 2929.7 CH stretch 
3.  2333.3 C-C 
4.  1621.4 C=C 
5.  1509. 

 
 
The functional groups present indicated that the 
plant would be a good disease reducing material 
[16]. 
 

3.2 Gas Chromatography- Mass 
Spectrophotometry Result 

 
GC-MS analysis was performed on the plant 
extract and the chromatogram from the ethanol 
extract is presented in Fig. 2 (a) whereas that 
from the chloroform extract is presented in Fig. 2 
(b). Tables 2 and 3 show the compounds present 
in the ethanol and chloroform extracts 
respectively. Mass spectrum of some                               
of the identified compounds are presented in            
Fig. 3. 
 

3.3 Molecular Docking Result 
 
To ascertain the Target-ligand interaction 
between the targets and the identified 
compounds, molecular docking procedure was 
undertaken. The compounds exhibited varying 
degrees of binding on the binding packets of the 
cancer proteins as shown by the changes in the 
free energies (∆𝐺)  values of the compounds. 

Table 4 presents the docking free energies of 
some of the compounds with good binding 
affinities and the drug control while Fig. 4 shows 
the 3D and 2D protein ligand interactions             
of the selected compounds. Whereas, 
Cyclohexadecane, 1,2-diethyl-, lunamarin and 
Cyclopenteno[4.3-b]tetrahydrofuran, 3-[(4-
methyl-5-oxo-3-phenylthio) tetrahydrofuran-2-
yloxymethylene]- showed the highest negative 
binding affinity (−8.7 𝐾 𝑐𝑎𝑙 𝑚𝑜𝑙 −1)  in the 4aor 
cancer protein surpassing even the control ligand 
Abemaciclib (−8.3 𝐾 𝑐𝑎𝑙 𝑚𝑜𝑙−1) , in the 4zau 
protein, lunamarin gave the best negative binding 
affinity (−8.5 𝐾 𝑐𝑎𝑙 𝑚𝑜𝑙−1)  again surpassing the 

control ligand (−8.2 𝐾 𝑐𝑎𝑙 𝑚𝑜𝑙−1) , 
Benzo[h]quinoline, 2,4-dimethyl- gave the 
highest negative binding affinity 
(−7.6 𝐾 𝑐𝑎𝑙 𝑚𝑜𝑙−1)  in 2dsd cancer protein and 
this is very close to the control ligand 
(−7.7 𝐾 𝑐𝑎𝑙 𝑚𝑜𝑙−1). The findings from this work 
suggest that these compounds could have 
positive effect on cancer cell inhibition when 
isolated from turmeric, Cyclohexadecane, 1,2-
diethyl-, lunamarin and Cyclopenteno[4.3-
b]tetrahydrofuran showed good interaction with 
GLN 725 at the active site of the 4oar protein 
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with Cyclopenteno[4.3-b]tetrahydrofuran showing 
more similar interaction at the active site by 
binding with LEU  718, CYS 891, LEU 797 and 
CYS 891 amino acids. In the 4zau protein, 
lumarin sowed similar interaction with the amino 

acid of the active site by binding to ALA 743, 
GLY 796, MET 793 and GLY 796, for the 2dsd 
protein Benzo[h]quinoline, 2,4-dimethyl- did not 
show similar binding to the active site amino 
acids.   

 

 
 

Fig. 2(a). Chromatogram of the ethanol extract of Curcuma longa 
 

 
 

Fig. 2(b). Chromatogram of the chloroform extract of Curcuma longa 
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Table 2. Compounds obtained from theGC-MS result of the ethanol extract of Curcuma longa 
and Abemaciclib (control) 

 

S/No. Area % Name Structure Pubchem 
Cid 

1.   Abemaciclib 

 

 
46220502 

2.   0.1796 
 

Hydroxylamine, O-decyl- 
 

 

 
34704 

3. 0.0632 
 

Tetradecane 

 

 
12389 

4.  0.0927 
 

Nonanoic acid, methyl 
ester 
 

 

 
15606 

5. 0.806 
 

Dodecanoic acid 
 

 

3893 

6 0.1496 Pentadecafluorooctanoic 
acid, undecyl ester 

 

 
91691494 

7 0.0998 Hexadecane 

 

 
11006 

8 0.6083 Tetradecanoic acid 

 

11005 

9 0.1609 1-Docosene 

 

 
74138 

10 0.1116 Octadecane 

 

 
11635 

11 0.1131 9-Heptadecanone 

 

 
10887 

12 0.0643 Pentadecane, 1-bromo- 

 

 
12394 
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S/No. Area % Name Structure Pubchem 
Cid 

13 0.4599 Hexadecanoic acid, 
methyl ester 

 

 
8181 

14 15.0006 n-Hexadecanoic acid 

 

 
985 

15 4.0392 Cyclohexadecane, 1,2-
diethyl- 

 

 
536940 

16 4.1349 Sulfurous acid, 2-propyl 
tetradecyl ester 

 

 
6420356 

17 2.0913 trans-4-
Aminocyclohexanol, 
N,O-diacetyl 

 

15442390 

18 4.5046 Cycloeicosane 

 

 
520444 

19 21.3648 Oleic Acid 

 

445639 

20 1.4073 Decyl oleate 

 

 
5363234 

21 1.172 10-Heneicosene (c,t) 

 

5364553 

22 2.1509 cis-13-Octadecenoic 
acid, methyl ester 

 

 
12541027 

23 0.7336 1-Eicosene 

 

18936 
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S/No. Area % Name Structure Pubchem 
Cid 

24 0.819 Heneicosane 

 

 
12403 

25 0.9099 Methyl stearate 

 

 
8201 

26 15.5534 cis-Vaccenic acid 

 

 
5282761 

27 20.4201 Octadecanoic acid 

 

 
5281 

28 0.1645 Cyclopentane, 1-methyl-
3-(1-methylethyl)- 

 

 
521465 

29 0.0524 Carbonic acid, hexadecyl 
prop-1-en-2-yl ester 

 

 
91692933 

30 0.1329 1-Decanol, 2-hexyl- 

 

 
95337 

31 0.0558 4-Cyanobenzoic acid, 
dodecyl ester 

 

 
531621 

32 0.4526 Hexadecanoic acid, 2-
hydroxy-1-
(hydroxymethyl)ethyl 
ester 

 

123409 

33 0.0645 Z-8-Methyl-9-
tetradecenoic acid 

 

5364410 



 
 
 
 

Blessing et al.; S. Asian Res. J. Nat. Prod., vol. 7, no. 3, pp. 358-382, 2024; Article no.SARJNP.125919 
 
 

 
366 

 

S/No. Area % Name Structure Pubchem 
Cid 

34 0.0919 1-Decanol, 2-hexyl- 

 

 
95337 

35 0.1243 Cinnamyl cinnamate 

 

 
1550890 

36 1.1133 9-Octadecenal, (Z)- 

 

5364492 

37 0.5373 Cetene 

 

12395 

 
Table 3. Compounds obtained from the GC-MS result of the chloroform extract of Curcuma 

longa 
 

S/No Area 
% 

Name Structure Pubchem 
Cid 

1.  0.31 2-Fluorobenzyl 
alcohol 

 

 
67969 

2. 0.22 Butanoic acid, 3-
hydroxy-, ethyl ester 

 

 
62572 

3 0.30 2H-Azepin-2-one, 
hexahydro-1-
(hydroxymethyl)- 

 

83127 

4 0.05 6-Acetyl-.beta.-d-
mannose 

 

 
249901862 

5 0.45 Undec-10-ynoic acid, 
undecyl ester 

 91692431 

6 0.21 Cyclononene 

 

 
5463153 
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S/No Area 
% 

Name Structure Pubchem 
Cid 

7 0.10 Dodecyl propyl ether 

 

110199 

8 0.11 Decanoic acid, 2,3-
dihydroxypropyl ester 

 

92926 

9 0.30 Undecylenic acid 

 

5634 

10 2.01 n-Hexadecanoic acid 

 

985 

11 0.29 d-Lyxose 

 

439240 

12 0.02 Cyclopentadecanone, 
2-hydroxy- 

 

543400 

13 0.38 Hexadecanoic acid, 
methyl ester 

 

8181 

14 0.05 Z,Z-4,16-
Octadecadien-1-ol 
acetate 

 

5364627 

15 0.09 3-Dodecen-1-ol 

 

5364625 

16 1.93 (S,Z)-Heptadeca-1,9-
dien-4,6-diyn-3-ol 

 

5469789 

17 0.32 9-Octadecenal 

 

5283381 

18 1.05 11-Octadecenoic 
acid, methyl ester 

 

5364432 

19 0.31 Methyl stearate 

 

8201 

20 0.19 cis-9,10-
Epoxyoctadecan-1-ol 

 

12550092 
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S/No Area 
% 

Name Structure Pubchem 
Cid 

21 2.40 cis-13-Octadecenoic 
acid 

 

5312441 

22 0.95 Octadecanoic acid 

 

5281 

23 0.76 Cyclopropaneoctanal, 
2-octyl- 

 

550143 

24 0.19 11-Dodecen-1-ol 
trifluoroacetate 

 

543399 

25 0.60 1,3,12-
Nonadecatriene 

 

548894 

26 0.80 445639 

 

445639 

27 0.16 E-11-Hexadecenal 

 

5283376 

28 0.01 9,17-Octadecadienal, 
(Z)- 

 

5365667 

29 0.34 (Z)-Tetradec-11-en-1-
yl 2,2,2-
trifluoroacetate 

 

5364636 

30 0.456 9-Octadecenoic acid, 
(E)- 

 

637517 

31 0.01 6-Octadecenoic acid, 
(Z)- 

 

5281125 

32 0.16 1-Cyclohexylnonene 

 

5364533 

33 0.36 Propyleneglycol 
monoleate 

 

5365625 

34 0.34 9-Octadecenoic acid 
(Z)-, 2-hydroxy-1-
(hydroxymethyl)ethyl 
ester  

5319879 
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S/No Area 
% 

Name Structure Pubchem 
Cid 

35 6.49 Acetamide, 2-chloro-
N-(3-cyano-4,6-
dihydro-4,4,6,6-
tetramethylthieno[2,3-
c]furan-2-yl)- 

 

5303086 

36 6.72 Anthracene, 9-(2-
propenyl)- 

 

612797 

37 26.32 1H-Indene, 2-butyl-5-
hexyloctahydr-o 

 

278087 

38 0.77 Pyridine-3-
carboxamide, oxime, 
N-(2-
trifluoromethylphenyl)- 

 

550559 

39 1.35 2,6-Lutidine, 3,5-
dichloro-4-
cyclohexylthio 

 

544007 

40 3.28 2-Ethylacridine 

 

610161 

41 9.30 Thymol, TBDMS 
derivative 

 

6989 

42 5.19 Caryophyllene 

 

5281515 

43 1.41 Demecolcine 

 

220401 

44 2.95 Benzo[h]quinoline, 
2,4-dimethyl- 

 

610182 

45 2.86 6-Chloro-1-ethyl-4-
oxo-N-(pyridin-4-
ylmethyl)quinoline-3-
carboxamide 

 

30132216 
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S/No Area 
% 

Name Structure Pubchem 
Cid 

46 9.82 Lunamarin 

 

442922 

47 2.30 Cyclopenteno[4.3-
b]tetrahydrofuran, 3-
[(4-methyl-5-oxo-3-
phenylthio) 
tetrahydrofuran-2-
yloxymethylene]-  

5375838 

48 2.59 Propanamide, N-(3-
methoxyphenyl)-2,2-
dimethyl- 

 

546358 

49 2.63 Catechin 

 

9064 

50 0.17 1H-Indole-2-
carboxylic acid, 6-(4- 
ethoxyphenyl)-3-
methyl-4-oxo-4,5,6 ,7-
tetrahydro-, isopropyl 
ester 

 

4916205 

 

 
 

(a) 
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(b) 

(c) 
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Fig. 3. Mass spectrum of (a) Cyclohexadecane, 1,2-diethyl- (b) 1H-Indole-2-carboxylic acid, 6-
(4- ethoxyphenyl)-3-methyl-4-oxo-4,5,6 ,7-tetrahydro-, isopropyl ester (c) Catechin (d) 

Cyclopenteno[4.3-b]tetrahydrofuran, 3-[(4-methyl-5-oxo-3-phenylthio) tetrahydrofuran-2-
yloxymethylene]- and (e) Lunamarin 

(d) 

e 
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Table 4. Docking scores of some of the compounds with good docking scores 
 

S/No Name of compound Pubchem icd Docking scores 
(𝐊𝐜𝐚𝐥 𝐦𝐨𝐥−𝟏) 

4oar  4zau 2dsd 

1 Abemaciclib 46220502 -8.3 -8.2 -7.7 
2 Cycloeicosane 520444 -7.2 -7.6 -7.4 
3 Cyclohexadecane, 1,2-diethyl- 536940 -8.7 -7.5 -6.7 
4 Cinnamyl cinnamate 1550890 -7.2 -6.7 -7.1 
5 1H-Indole-2-carboxylic acid, 6-(4- 

ethoxyphenyl)-3-methyl-4-oxo-4,5,6 ,7-
tetrahydro-, isopropyl ester 

4916205 -8.4 -8.2 -7.4 

6 Catechin 9064 -8.4 -7.8 -7.2 
7 Cyclopenteno[4.3-b]tetrahydrofuran, 3-

[(4-methyl-5-oxo-3-phenylthio) 
tetrahydrofuran-2-yloxymethylene]- 

5375838 -8.7 -7.5 -6.8 

8 Lunamarin 442922 -8.7 -8.5 -7.0 
9 6-Chloro-1-ethyl-4-oxo-N-(pyridin-4-

ylmethyl)quinoline-3-carboxamide 
30132216 -7.7 -7.3 -6.6 

10 Benzo[h]quinoline, 2,4-dimethyl- 610182 -7.8 -7.3 -7.6 
11 Demecolcine 220401 -5.7 -7.1 -6.2 
12 Caryophyllene 5281515 -7.4 -6.5 -6.7 
13 2-Ethylacridine 610161 -7.7 -7.3 -7.5 
14 Pyridine-3-carboxamide, oxime, N-(2-

trifluoromethylphenyl)- 
550559 -7.3 -6.8 -6.7 

15 Anthracene, 9-(2-propenyl)- 612797 -7.9 -7.2 -7.0 
15 
16 

Cyclopentadecanone, 2-hydroxy- 543400 -6.3 -6.6 -6.8 

17 Propanamide, N-(3-methoxyphenyl)-2,2-
dimethyl- 

546358 -6.5 -5.9 -5.7 

18 Thymol, TBDMS derivative 6987 -6.0 -5.7 -5.4 
19 1H-Indene, 2-butyl-5-hexyloctahydr-o 278087 -6.2 -6.6 -5.6 
20 Acetamide, 2-chloro-N-(3-cyano-4,6-

dihydro-4,4,6,6-tetramethylthieno[2,3-
c]furan-2-yl)- 

5303086 -7.1 -6.3 -5.8 

21 1-Cyclohexylnonene 5364533 -6.6 -5.7 -4.9 
22 Cyclononene 5463153_ -6.0 -4.7 -5.3 

 

S/No Name of 
compound 

3D and 2D Interaction 
4aor 4zau 2dsd 

46220502 
 

Abemaciclib 
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S/No Name of 
compound 

3D and 2D Interaction 

536940 Cyclohexad 
ecane, 1,2-
diethyl- 

 
  

4916205 1H-Indole- 
2-carboxylic 
acid, 6-(4- 
ethoxyphen
yl) 
-3-methyl-4-
oxo-4,5,6 ,7-
tetrahydro-, 
isopropyl 
ester 

   

9064 Catechin 

 
 

 

5375838 Cyclopenten
o[4.3-
b]tetrahydrof
uran, 3-[(4-
methyl-5-
oxo-3-
phenylthio) 
tetrahydrofur
an-2-
yloxymethyl
ene]- 
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S/No Name of 
compound 

3D and 2D Interaction 

442922 
 

Lunamarin 

  
 

610182 Benzo[h]qui
noline, 2,4-
dimethyl- 

 
  

 
Fig. 4. 3D and 2D protein-ligand interactions of some of the selected compounds 

 
Table 5. ADME properties of the selected compounds 

 

Compound NRA HBA HBD Log 
Kp  
(cm/s) 

TPSA 
(Å²) 

Log S  
(ESOL) 

HIA BBB Lipin
ski 
viola
tions 

Log 
Po/w 

Abemaciclib 7 8 1 -6.66 75.00 -5.36 High No 1 4.04 

Cyclohexad 
ecane, 1,2-
diethyl- 

2 0 0 -0.73 0.00 -7.90 Low No 1 6.96 
 

1H-Indole- 
2-carboxylic 
acid, 6-(4- 
ethoxyphenyl) 
-3-methyl-4-
oxo-4,5,6 ,7-
tetrahydro-, 
isopropyl ester 

6 4 1 -5.68 
 

68.39 -4.44 
 

High yes 0 3.85 
 

Catechin 1 6 5 -7.82 110.38  -2.22 High No 0 0.83 

Cyclopenteno[
4.3-
b]tetrahydrofur
an, 3-[(4-
methyl-5-oxo-
3-phenylthio) 
tetrahydrofura
n-2-
yloxymethylen
e]- 

4 5 0 -6.00 87.13  
 

-4.18 
 

High No 0 2.92 
 

Lunamarin 2 4 0 -5.97  49.69 -4.11 High Yes 0 2.87 
NRA-Number of rotatable bonds, HBA-Number of hydrogen bond acceptor, HBD-Number of hydrogen bond 

donor, TPSA-topological polar surface area, HIA- human gastrointestinal absorption, BBB- blood-brain barrier 
HBDNumber of hydrogen bond donor, NRB-Number of rotatable bond, logp=n-octanol/w 
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3.4 Drug Properties Result 
 
To identify the molecules with best chances of 
becoming effective drugs for human 
consumption, swissADME evaluation was 
executed. The said molecule is expected to 
exhibit good biological activities. The result is 
presented in Table 5. One of the properties 
tested was the skin permeability coefficient (Kp) 
[25]. More negative values of log Kp (with Kp in 
cm/s), shows that the molecule will be less 
permeant to the skin, another important 
parameter predicted is the topological polar 
surface area (TPSA) which is used to estimate 
the membrane permeability efficacy of a 
compound, the range of value for the property is 

20 Å < TPSA < 130 Å . Interestingly only one of 
the molecules studied falls outside this range. 
 
The water solubility parameter (log S (ESOL)) 
was also estimated, soluble molecules aids drug 
development processes [26], it is the property 
that determines drug absorption, the range of 
values for log S (ESOL) is −6 < S (ESOL))  < 0 
again only one of the compounds falls outside 
this range and five falls withing the range 
showing that they would be highly soluble in 
water and easily absorbed as drug samples. 
 
The human gastrointestinal absorption (HIA) and 
blood-brain barrier (BBB) were also predicted. 
HIA [27] is a vital parameter for predicting the 
movement of the drugs to their targets, 
compounds having positive HIA are easily 
absorbed via the gastrointestinal tract when 
administered in oral form, one of the compounds 
studied has negative HIA while others have high 
HIA, the blood brain barrier (BBB) penetration 
screening showed that 4 of the compounds have 
negative penetration while 2 have positive 
penetration. The BBB regulates the drug 
permeability into the brain. The swissADME 
results showed that the compounds studied 
would serve as good drug candidates when 
administered in the correct dosage, none violated 
more than one of Lipinski’s rules [16]. 
 

3.5 Density Functional Theory Result 
 
To corelate the structures of the compounds to 
their reactivity, density functional theory 
calculations were undertaken, Calculations were 
done using the electronic structure program 
DMol3 in the framework of the Mulliken 
population analysis, the DND basis set and the 
Perdew-Wang (PW) local correlation density 
functional [28] whereas Fig. 5 depicts the  

optimized structures, frontier molecular orbitals 
and funki functions of some of the compounds 
with good inhibition ability, Table 6 represents 
the quantum chemical descriptors derived from 
the frontier molecular orbitals including the 
ionization potential (I), electron affinity (A), 
energy gap (ELUMO − EHOMO), absolute hardness 

(η), softness (δ), absolute electronegativity (𝜒) 
and electrophilicity (ω), The HOMO and LUMO 
molecular orbitals also known as the frontier 
orbitals describe the most reactive sites in the 
compound and they show the reactivity patterns 
of the molecule, whereas the HOMO orbital is an 
electron rich center waiting to donate to an 
electron deficient center , the LUMO orbital is an 
electron deficient environment waiting to accept 
electron from an electron rich center. The value 
of the energy gap (ELUMO − EHOMO) describes the 
chemical reactivity of the molecule, low values of 
(ELUMO − EHOMO) shows that the molecule can 
easily transfer electron and improves chemical 
reactivity [29]. The softness and hardness of a 
molecule describe the behavior of a molecule, 
while soft molecules show low resistance to 
change of electronic distribution during a 
chemical reaction, hard molecules show a high 
resistance to change of their electronic 
distribution in a reaction. The ionization potential 
describes the energy required to remove an 
electron from the ground state of the molecule 
while the electron affinity is the energy given off 
when a molecule in its ground state gains an 
electron, electronegativity is the ability of the 
molecule to attract an electron to itself. 
Electrophilicity (ω) is a factor that describes the 
electrophilic nature of a molecule; it predicts the 
propensity of a chemical specie to attract an 
electron to itself, with high values of 
electrophilicity characterizing good electrophilicity 
in a compound. The values of quantum chemical 
descriptors obtained in this study are comparable 
to what is obtained elsewhere [30,31] for 
diseases inhibition study showing that 
compounds from Curcuma longa could be good 
inhibitors of cancer cells. 
 

The expressions used to calculate the quantum 
chemical descriptors are as below: 
 

I = −EHOMO             (1) 

A = −ELUMO             (2) 

∆𝐸 =  (ELUMO − EHOMO)             (3) 

η =
𝐼−𝐴

2
              (4) 

δ =
1

η
              (5) 

χ =
𝐼+𝐴

2
               (6) 

𝜔 =
χ2

2η
                           (7) 
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S/No. Name of compound Optimized structure Homo orbital Lumo orbital f+ f- 

Abemaciclib 

     
Cyclohexad 
ecane, 1,2-diethyl- 

 
  

  
1H-Indole- 
2-carboxylic acid, 6-(4- 
ethoxyphenyl) 
-3-methyl-4-oxo-4,5,6 ,7-
tetrahydro-, isopropyl ester 

   
 

 

Catechin 
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Cyclopenteno[4.3-
b]tetrahydrofuran, 3-[(4-
methyl-5-oxo-3-phenylthio) 
tetrahydrofuran-2-
yloxymethylene]- 

 

 

 

 

 
   

Lunamarin 

 
  

  
 

Fig. 5. optimized structures, HOMO and LUMO orbitals, funki functions of the selected compounds 
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Table 6. Quantum chemical descriptors of the selected compounds 
 

Name of compound HOMO energy (Ev) LUMO energy (Ev) ∆𝑬 (Ev) I (Ev) A (Ev) 𝛈  (Ev) 𝛅 (𝑬𝒗)−𝟏 𝜒 (Ev) 𝝎 (Ev) 

Abemaciclib -5.051 -2.486 2.565 5.051 2.486 1.2825 0.7797 3.7885 5.5956 

Cyclohexad 
ecane, 1,2-diethyl- 

-6.642 -0.854 5.788 6.642 0.854 2.8940 0.3455 3.7480 2.4270 

1H-Indole- 
2-carboxylic acid, 6-(4- 
ethoxyphenyl) 
-3-methyl-4-oxo-4,5,6 
,7-tetrahydro-, 
isopropyl ester 

-5.116 
 
 

-1.902 3.214 5.116 1.902 1.6070 0.6223 3.5090 3.8311 

Catechin -4.832 -0.707 4.125 4.832 0.707 2.0625 0.4848 2.7695 1.8594 

Cyclopenteno[4.3-
b]tetrahydrofuran, 3-
[(4-methyl-5-oxo-3-
phenylthio) 
tetrahydrofuran-2-
yloxymethylene]- 

-5.447 -2.423 3.024 5.447 2.423 1.5120 0.6614 3.9350 5.1204 

Lunamarin -4.740 -1.860 2.880 4.740 1.860 1.4400 0.6944 3.3000 3.7813 
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4. CONCLUSION 
 
The compounds contained in Curcuma longa 
were extracted using ethanol and chloroform 
separately, the phytochemical contents were 
estimated by GC-MS method. Molecular docking 
procedure was used to investigate the 
compounds for their cancer inhibition properties, 
the result revealed that Cyclohexadecane, 1,2-
diethyl-, lunamarin and Cyclopenteno[4.3-
b]tetrahydrofuran, 3-[(4-methyl-5-oxo-3-
phenylthio) tetrahydrofuran-2-yloxymethylene]- 
showed the best inhibiting properties towards 
4oar cancer protein whereas, lunamarin showed 
the best binding power towards the 4zau cancer 
protein and Benzo[h]quinoline, 2,4-dimethyl- 
showed the best inhibiting potential towards 2dsd 
cancer protein. The drug likeness study using 
swissADME software showed that the 
compounds exhibited drug friendly properties 
none showed more than one violation of 
Lipinski’s rule of five, the density functional 
theory calculations indicated that all the 
compounds had comparable energy gaps which 
is  a good indication of their reactivity towards the 
drug targets, the results of the findings showed 
that  Curcuma longa could be a good inhibitor of 
cancer growth and therefore isolation and critical 
study of its constituents are encouraged. 
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