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A B S T R A C T   

Lung cancer is one of the main reasons for death worldwide. The natural compounds with anti-lung cancer 
potential are of main interest and are considered a very promising alternative to replace or raise the efficiency of 
conventional drugs. Diethylstilbestrol, Enterodiol, Enterolactone, Flavokawain A, Flavokawain B, and Fla-
vokawain C compounds showed excellent to good inhibitory activities against studied these enzymes with IC50 
values in ranging between 9.66 ± 1.52 to 121.20 ± 15.87 μM for collagenase and 11.06 ± 1.87 to 27.31 ±
4.673 μM for elastase. Also, these compounds had In vitro anti-lung cancer activities. Comparison of the chemical 
and biological activities of the studied molecules was made by theoretical calculations. Gaussian sofware pro-
gram was used for chemical activity. The Maestro molecular docking calculations were made to compare their 
biochemical activities. Afterwards, ADME/T calculations of the molecules were made.   

1. Introduction 

Lung cancer is the cancer type with the highest mortality rate in the 
world and is responsible for approximately 1.2 million deaths per year. 
It is the second most common after prostate cancer in men and breast 
cancer in women. Etiological cause and epidemiological data show that 
lung cancer is a preventable disease [1,2]. Because smoking, occupation, 
air pollution, and radiation are the most important causes of lung cancer 
development. In addition, it is stated that previous lung disease 
sequelae, diet, viral infections, gender, genetic and immunological fac-
tors may also play a role in the etiology. According to the 2004 classi-
fication of the World Health Organization (WHO), the histological 
subgroups of lung cancer are majorly squamous cell cancer, small cell 
cancer, adenocarcinoma, large cell cancer, mixed adenosquamous cell 
cancer and cancer of mucous gland cells (mucoepidermoid cancer, 
adenoid cystic carcinoma, carcinoid tumor) [3,4]. The rate of squamous 
cell cancer and adenocarcinoma varies depending on the type of ciga-
rette used in cigarette consumption in the community. In developed 
countries where light smoking is widely used and its use is increasing 
proportionally, the most common lung cancer cell type is 

adenocarcinoma due to the causative effect of nitrosamines. Lung cancer 
can cause many symptoms, clinical and laboratory findings in patients 
due to the systemic nature of the disease [5]. These are related to tumor 
localization, growth and extension characteristics, and metabolic ac-
tivity. Patients may present with symptoms such as cough, weight loss, 
shortness of breath, hemoptysis, bone pain, fever, chest pain, clubbing, 
weakness, superior vena cava syndrome, dysphagia, and wheezing. 
Imaging methods are widely used for staging determination, which is 
very necessary in for determining the prognosis and diagnosis and 
treatment of patients with lung cancer [6,7]. 

Elastases are a class of serine proteases that have the ability to can 
cleave elastin, an important protein of connective tissue. elastases; It is a 
group of serine proteases that are abundant in vertebrate tissues, espe-
cially in the lungs, arteries, skin, and ligaments, and have the ability to 
can degrade elastin, an important connective tissue protein. These 
proteases include pancreatic elastase, neutrophil elastase (leukocyte 
elastase), macrophage elastase, and fibroblast elastase [8,9]. The 
dermis, which is responsible for the flexibility and strength of the skin, is 
located in the middle layer of the skin and consists of connective tissue 
elements. As a result of the breakdown of elastin and collagen, which are 
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the main elements of connective tissue, with elastase and collagenase 
enzymes, wrinkles accompanying skin aging occur. Elastase activity 
increases with increasing age, and this causes a decrease in the elastic 
properties of the skin and sagging skin with aging. Inhibition of this 
enzyme has attracted attention in recent years due to its positive effects 
on both the prevention of skin aging and connective tissue diseases [10, 
11]. 

Studying the chemical properties of molecules by theoretical calcu-
lations has become very popular today. It is possible to obtain important 
information before many experimental procedures are made with the 
calculations made. In the theoretical calculations, firstly, the anti- 
oxidant properties of the molecules were examined with the Gaussian 

software program. The Clostridium histolyticum colH collagenase 
enzyme (pdb: 4U6T) [12]. The chemical structures of three polycystic 
kidney-disease like domains from Clostridium histolyticum collagenase 
enzymes such as ColH and ColG and elastase enzyme from porcine 
pancreatic (pdb: 9EST) [13] has have been used. Apart from its enzyme 
proteins, the inhibitory activities of SARS-CoV-2 virus, which is the 
major infectious disease of today, against the main protease protein 
(pdb: 7BUY) [14] were compared. It is very important to obtain a good 
inhibitor against this most contagious disease today. Finally, their ac-
tivities against the anti-oxidant protein Human peroxiredoxin 5 protein 
(pdb: 1HD2) [15] were compared. Finally, for the anti-oxidant calcu-
lations made by DFT calculations of the molecules, it was confirmed by 
molecular docking calculations. 

The entry of the SARS-CoV-2 virus into human metabolism, how it 
moves inside the cell, and finally its exit by reproducing inside the cell 

Fig. 1. Life cycle of coronavirus.  

Table 1 
IC50 values of some phenolic compounds on collagenase and elastase enzymes.  

NO Compounds Collagenase Elastase 

IC50 (μM) IC50 (μM) 

1 Diethylstilbestrol 121.20 ±
15.87 

13.28 ±
2.78 

2 Enterodiol 104.41 ±
11.30 

11.06 ±
1.87 

3 Enterolactone 9.66 ± 1.52 22.46 ±
4.08 

4 Flavokawain A 66.31 ± 7.95 27.31 ±
4.67 

5 Flavokawain B 71.07 ±
15.98 

20.13 ±
2.36 

6 Flavokawain C 62.05 ± 9.43 17.60 ±
1.68  

Phosphoramidona 101.37 ±
14.76 

–  

N-(Methoxysuccinyl)-Ala-Ala-Pro-Val- 
chloromethyl ketonea 

– 30.55 ±
3.25  

a These compounds are controls. 

Table 2 
Anti-oxidant properties of studies molecules.  

Molecule Atom BDE IP PDE PA ETE 

Enterodiol H44 45.80 154.22 206.09 357.83 2.48 
H37 60.64 154.22 220.93 377.69 − 2.54 
H48 60.64 154.22 220.93 377.69 − 2.54 
H43 45.80 154.22 206.09 357.83 2.48 

Enterolactone H39 42.79 174.86 182.44 351.80 5.49 
H40 43.46 174.86 183.10 353.59 4.37 

Flavokawain C H31 53.37 145.14 222.74 346.53 21.34 
H38 52.74 145.14 222.11 350.52 16.72  

Fig. 2. Atomic labeling of enterodiol molecule.  

Fig. 3. Atomic labeling of enterolactone molecule.  

Fig. 4. Atomic labeling of flavokawain C molecule.  
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[16] are shown in detail in Fig. 1, created with Biorender. 

2. Experimental 

2.1. Materials 

We used Collagenase, elastase, N-succinyl-ala-ala-ala-p-nitroanilide 
(STANA), Tris-HCl, DMSO, MTT in this study. 

2.2. Enzymes 

Modified inhibitory effect on collagenase enzyme Thring et al. 
(2009) [17] was investigated spectrophotometrically using the assay. 
The 50 μL of the solution containing 0.8 U/mL collagenases was taken, 
50 μL of plant extracts and chemical substance solutions at different 
concentrations prepared on it were added. This method was performed 
according to previous studies. The absorbance values of the sample 

solutions and control solution were read at 340 nm in the UV spectro-
photometer against the blank [18]. Experiments were repeated 2 times. 
The amount of IC50 value substance required for the collagenase enzyme 
to have a 50% inhibition effect, and also calculated with the regression 
equation obtained from the linear section of the curve drawn by 
applying the concentration to the abscess in the graph and the % enzyme 
inhibition data to the ordinate [19]. 

Elastase inhibitory activity was determined spectrophotometrically 
confirming to the method of Moon et al. (2010) [20]. In our study, 50 μL 
of each plant extract prepared with DMSO at different concentrations 
(0.00001–0.01 μg/mL) was taken. 0.9 mL of Tris-HCl buffer solution 
with 0.2 M pH of 7.8 was added to it. 50 μL of enzyme was added to the 
control solution. The same amount of distilled water was used instead of 
the enzyme for the blank. Blank, control and sample solutions were 
incubated for 15 min at 37 ◦C. After the first incubation, 50 μL of 5 mM 
N-succinyl-ala-ala-ala-p-nitroanilide (STANA) was added to all tubes 
and incubated again at 37 ◦C for 30 min [21]. The absorbance values of 

Fig. 5. Spin density distributions of enterodiol molecule.  

Fig. 6. Spin density distributions of Enterolactone molecule.  
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the sample and control solutions were read at 410 nm against the blank 
in the spectrophotometer [22]. In the study, anti-elastase inhibition 
activity experiments of compounds prepared at different concentrations 
were repeated 3 times. The IC50 value of the elastase enzyme was 
calculated from the regression equation obtained from the linear 

segment of the curve drawn by applying the concentration to abscess 
and % elastase inhibition data to the ordinate [23]. 

2.3. Theoretical calculations 

With theoretical calculations, anti-oxidant calculations of molecules 
are made in more than one step. In these multiple steps: ionization po-
tential (IP), bond dissociation enthalpy (BDE), proton affinity (PA), 
proton dissociation enthalpy (PDE), and electron transfer enthalpy 
(ETE) parameters are calculated [24–28]. In this study, the anti-oxidant 
calculations of the three molecules with the highest experimental ac-
tivity were made. The anti-oxidant calculations made consist of 3 stages. 
In the first stage, the hydrogen atom transfer mechanism (HAT) nu-
merical value is calculated. 

Fig. 7. Spin density distributions of Flavokawain C molecule.  

Fig. 8. Presentation interactions of Enterolactone Diglicoside with collage-
nases protein. 

Fig. 9. Presentation interactions of Enterodiol with elastase enzym  

L. Wei et al.                                                                                                                                                                                                                                      
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In the first reaction, a hydrogen is cleaved from the antioxidant 
molecule (AH) as a result of the interaction of the free radical molecule 
(R.) with the antioxidant molecule. The anti-oxidant molecule turns the 
antioxidant into a free radical (A.) form by removing a hydrogen. To 
compare the activities of the antioxidant molecule, it is necessary to 
calculate the bond dissociation enthalpy (BDE) of the A-H bond. 

R. +AH→RH + A. (1) 

Single electron transfer-proton transfer (SET-PT) value is calculated 
for the above mechanisms. In this mechanism, it consists of two stages. 
In the first mechanism, the proton transfer occurs, and then the electron 
moves away from AH. 

R. +AH→R− + AH+. (2)  

AH+. → H+ + A+ (3) 

In the third stage, firstly the ionization potential (IP) from the AH+.

cation radical and secondly the proton dissociation enthalpy (PDE) 
mechanisms. These two mechanisms occurring are called SPLET 
(Sequential proton loss electron transfer) mechanism. 

AH → A− + H+ (4)  

A− +H+ + R.→A. + RH (5) 

Gaussian software program was used to calculate the enthalpy en-
ergy values in these mechanisms. In the calculations, DFT calculations 
were used on the Hartree-Fock (HF) level 6–31++G(d,p) basis set [29, 
30]. 

In addition, molecular modeling calculations were made to compare 
the biochemical activities of the studied compounds and their activities 
were compared. As a result of these calculations, many parameters were 
found from the calculations. The numerical value of these parameters 
gives a lot of significant information about the activities of compounds. 
Molecular modeling calculations to compare the biochemical activities 
of compounds were made using the Maestro Molecular docking platform 
(version 12.2) by Schrödinger [31]. Calculations are made as a result of 
combining many modules. The first module used includes the prepara-
tion of the studied molecules for calculations. At first, optimized struc-
tures of the molecules were obtained from the Gaussian software 
program [32]. It was then prepared for calculations using the LigPrep 
module [33] using optimized structures of the molecules. In another 
module, studied four proteins with the protein preparation module [34] 
were prepared for calculations. The Glide ligand docking module was 
used to interact with the molecules and protein prepared later. Finally, 
the Qik-prop module [35] of the Schrödinger software was used to 
predict the effects and responses on human metabolism as working 
molecules as drugs. With this calculation, the absorption of the mole-
cules into the human body, their distribution in the body, their effects 
and reactions in the metabolism, their excretion from the metabolism 
and their toxic effects are examined by ADME/T analysis (distribution, 
excretion, absorption, metabolism, and toxicity). 

2.4. Cytotoxicity assay 

The MTT method was performed as explained previously. Cells were 
seeded onto a 96-well plate at a concentration of 104 cells/well and 
allowed to adhere overnight. Five replicates were prepared for each 
therapy and cultured for 48 or 72 h. After 20 mL of MTT (5 mg/mL) was 
added to each well, the cells were cultured for another 4 h. The super-
natant was discarded. After 150 mL of DMSO was added to each well, the 
samples were incubated at 37 ◦C for 30 min and then swirled for 10 min. 
The absorbance at 570 nm was measured using a microplate reader. 
Experiments were repeated three times [36]. 

Fig. 10. Presentation interactions of Enterolactone with SARS-CoV-2 virus.  

Fig. 11. Presentation interactions of Enterolactone with SARS-CoV-2 virus.  

L. Wei et al.                                                                                                                                                                                                                                      
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3. Results and discussion 

3.1. Enzymes 

The collagenase and elastase inhibition assays of some phenolic 
compounds were performed according to the previous studies. These 
compounds showed excellent to good inhibitory activities against 
studied these enzymes with IC50 values in ranging between 9.66 ± 1.52 
to 121.20 ± 15.87 μM for collagenase and 11.06 ± 1.87 to 27.31 ±
4.673 μM for elastase. Standard compounds for these enzymes had IC50 
values of 101.37 ± 14.76 nM against collagenase and 30.55 ± 3.25 μM 
against elastase (Table 1). The most potent compounds against colla-
genase and elastase were compounds Enterolactone and Flavokawain C 
with IC50 values of 9.66 ± 1.52 and 62.05 ± 9.43 μM against collage-
nase and IC50 values of Enterodiol and Diethylstilbestrol were 11.06 ±
1.87 and 13.28 ± 2.78 μM against elastase, respectively. Both collage-
nase and elastase are significant enzymes in the breakdown of connec-
tive tissue in arthritis. Collagenase enzyme is particularly destructive in 
cartilage destruction. Recently, elastase can also degrade collagen. 
Collagenases are found in many tissues, active or latent, including sy-
novial fluid and tissue. The ‘dendritic’ cells, especially in the synovium, 
are a rich source of latent collagenase. Indeed, elastase is found in 
neutrophil granulocytes, and this enzyme helps destroy articular carti-
lage in rheumatoid arthritis. The rate of joint destruction is usually rapid 
in severe inflammatory diseases such as untreated gout or active rheu-
matoid arthritis, and slower in degenerative joint diseases such as 
osteoarthrosis [37]. The finding that collagenase harvested from a 

perforation forms a perforation in an intact alkali-burned cornea and 
that perforations can be prevented by perfusing alkaline-scorched cor-
neas with combinations of disodium edetic acid and cysteine, known as 
in vitro collagenase inhibitors, indicated that the enzyme was the cause 
of these ulcers. Since collagenase has been found to be is present in 
various types of corneal ulcers and perforations in humans, the impor-
tance of finding the best collagenase inhibitor for possible clinical use is 
clear, and the alkaline burnt cornea seems to be the ideal model for the 
study [38]. N-(Methoxysuccinyl)-Ala-Ala-Pro-Val-chloromethyl ketone 
was used as a control compound in the study, IC50 of compounds were 
better than control compound. 

3.2. Molecular docking study 

Theoretical calculations now have a great importance in chemistry. 
For this reason, it has brought great convenience to chemistry with 
theoretical calculations. Many package programs are used to compare 
the chemical and biological activities of molecules with theoretical 
calculations. With the theoretical results obtained as a result of these 
comparisons, it has become possible to synthesize more effective and 
more active molecules. 

The antioxidant properties of the three molecules with the highest 
activity in this study were investigated. Gaussian package program was 
used in these calculations. The anti-oxidant properties of the molecules 
are calculated by removing the hydrogen bound bond to the oxygen 
present in the molecule. Its value is given in Table 2. 

When examining the anti-oxidant properties of the molecules, one or 

Table 3 
Numerical values of the docking parameters of molecule against enzymes.  

Collagenase Diethylstilbestrol Enterodiol Enterolactone Flavokawain A Flavokawain B Flavokawain C 

Docking Score – − 5.13 − 5.78 − 4.44 − 3.64 − 5.06 
Glide ligand efficiency – − 0.23 − 0.26 − 0.19 − 0.17 − 0.23 
Glide hbond – − 0.58 − 0.74 − 0.11 − 0.19 − 0.38 
Glide evdw – − 16.08 − 14.36 − 24.05 − 19.97 − 22.41 
Glide ecoul – − 22.03 − 22.20 − 9.61 − 8.10 − 12.07 
Glide emodel – − 47.92 − 47.38 − 40.36 − 32.05 − 43.00 
Glide energy – − 38.10 − 36.56 − 33.66 − 28.08 − 34.48 
Glide einternal – 8.68 8.87 6.62 6.57 5.13 
Glide posenum – 43 311 392 10 316 

Elastase Diethylstilbestrol Enterodiol Enterolactone Flavokawain A Flavokawain B Flavokawain C 
Docking Score − 3.49 − 6.68 − 5.64 − 4.47 − 4.35 − 4.95 
Glide ligand efficiency − 0.17 − 0.30 − 0.26 − 0.19 − 0.21 − 0.23 
Glide hbond 0.00 − 1.39 − 0.82 − 0.32 0.00 − 0.32 
Glide evdw − 19.51 − 23.22 − 26.15 − 22.60 − 24.52 − 20.30 
Glide ecoul − 2.73 − 17.18 − 10.37 − 4.57 − 0.68 − 6.23 
Glide emodel − 22.27 − 53.37 − 47.10 − 31.99 − 35.67 − 38.07 
Glide energy − 22.24 − 40.40 − 36.53 − 27.17 − 25.20 − 26.53 
Glide einternal 0.91 7.42 3.08 6.32 5.32 5.21 
Glide posenum 134 29 166 338 359 74 

SARS-CoV-2 Diethylstilbestrol Enterodiol Enterolactone Flavokawain A Flavokawain B Flavokawain C 
Docking Score − 4.81 − 6.14 − 6.76 − 5.15 − 5.44 − 6.07 
Glide ligand efficiency − 0.24 − 0.28 − 0.31 − 0.22 − 0.26 − 0.28 
Glide hbond − 0.16 − 0.46 − 0.46 0.00 0.00 − 0.38 
Glide evdw − 23.01 − 29.46 − 29.98 − 29.71 − 28.49 − 23.16 
Glide ecoul − 5.75 − 11.52 − 11.20 − 3.01 − 3.92 − 9.85 
Glide emodel − 32.23 − 55.43 − 55.60 − 42.14 − 41.28 − 46.74 
Glide energy − 28.77 − 40.98 − 41.17 − 32.72 − 32.41 − 33.01 
Glide einternal 2.39 4.36 6.66 4.09 2.68 8.01 
Glide posenum 344 74 163 259 53 333 

HP-5 Diethylstilbestrol Enterodiol Enterolactone Flavokawain A Flavokawain B Flavokawain C 
Docking Score − 2.85 − 4.12 − 5.48 − 3.34 − 3.59 – 
Glide ligand efficiency − 0.14 − 0.19 − 0.25 − 0.15 − 0.17 – 
Glide hbond − 0.20 − 0.61 − 0.81 − 0.07 0.00 – 
Glide evdw − 19.22 − 22.02 − 18.94 − 20.69 − 23.00 – 
Glide ecoul − 2.75 − 8.99 − 12.04 − 1.67 − 1.02 – 
Glide emodel − 23.62 − 37.66 − 38.06 − 28.80 − 30.81 – 
Glide energy − 21.97 − 31.01 − 30.98 − 22.36 − 24.03 – 
Glide einternal 1.74 2.95 6.72 8.23 8.58 – 
Glide posenum 177 252 3 20 314 –  

L. Wei et al.                                                                                                                                                                                                                                      
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more hydroxyl groups can be found in the skeletal structure of the 
molecule. The molecular structures of the molecules are given in 
Figure Figs. 2, 3, and 4. All atoms are labeled. The numerical value of the 
bond dissociation enthalpy (BDE) energy of the OH bond of molecules is 
related to the HAT mechanism. It has been observed that the molecule 
with a lower numerical value of the bond dissociation enthalpy (BDE) 
energy of the molecule has a higher radical-scavenging activity. 

In the first mechanism of SET-PT of molecules, the ionization po-
tential energy value can be calculated. It is easier for a molecule with a 
low numerical value of this parameter to donate electrons. In the SET-PT 
second mechanism of molecules, the proton dissociation enthalpy en-
ergy value of the molecules is calculated. If the proton dissociation 
enthalpy energy value of the molecules is lower, the reaction proceeds 
more easily. Another mechanism, SPLET mechanism, consists of two 
stages. In the first stage, the proton affinity energy value is calculated. If 

the proton affinity energy value of a molecule is lower, it shows that the 
molecule has a high proton affinity. In the two stages of the SPLET 
mechanism, the electron transfer enthalpy energy value of the molecules 
is calculated. If the numerical value of the electron transfer enthalpy 
(ETE) energy of the molecule is lower, the reaction will be easier to 
proceed. All parameters calculated as a result of the calculations are 
given in Table 1. 

As a result of the anti-oxidant calculations, spin density calculations 
were made to calculate the charge densities of the molecules with the 
hydrogen atom removed. The values obtained as a result of these cal-
culations are given on the atoms in Figs. 5–7. 

After theoretical calculations, the activities of molecules against 
enzyme proteins were compared. In this comparison, it has been seen 
that the interaction of molecules with enzyme proteins causes them to 
increase their activity. The docking score parameter of molecules is used 
to compare the activities of molecules in docking calculations. The 
molecule with the most negative numerical value of the docking score 
parameter has higher biological activity. The increase in interaction 
between molecules and proteins makes the numerical value of this 
parameter more negative [39,40]. 

After theoretical calculations, the activities of compounds against 
enzyme proteins were compared. In this comparison, it has been seen 
that the interaction of compounds with enzyme proteins causes them to 
increase their activity. The docking score parameter of compounds is 
used to compare the activities of molecules in docking calculations. The 
compound with the most negative numerical value of the docking score 
parameter has higher biochemical activity. The increase in interaction 
between molecules and proteins makes the numerical value of this 
parameter more negative. Indeed, these interactions have good in-
teractions like polar, π-π, hydrophobic interactions, hydrogen bonds, 
and halogen [41,42]. The interactions of molecules with the highest 

Table 4 
ADME properties of molecules.   

Diethylstilbestrol Enterodiol Enterolactone Flavokawain A Flavokawain B Flavokawain C Reference Range 

mol_MW 268 302 298 314 284 300 130–725 
dipole (D) 0.0 5.7 4.2 2.8 2.9 3.8 1.0–12.5 
SASA 539 571 504 587 553 565 300–1000 
FOSA 187 106 109 286 194 194 0–750 
FISA 109 191 148 70 70 124 7–330 
PISA 242 275 247 232 289 247 0–450 
WPSA 0 0 0 0 0 0 0–175 
volume (A3) 942 1003 925 1016 945 967 500–2000 
donorHB 2 4 2 0 0 1 0–6 
accptHB 1.5 4.9 4.5 4.0 3.3 4.0 2.0–20.0 
glob (Sphere = 1) 0.9 0.8 0.9 0.8 0.8 0.8 0.75–0.95 
QPpolrz (A3) 29.4 29.5 29.4 31.6 29.9 29.8 13.0–70.0 
QPlogPC16 9.9 11.7 10.3 9.7 9.5 10.0 4.0–18.0 
QPlogPoct 13.1 18.6 15.3 12.0 11.2 13.3 8.0–35.0 
QPlogPw 6.3 12.5 9.7 5.4 5.1 7.2 4.0–45.0 
QPlogPo/w 5.1 2.0 2.4 3.8 3.7 3.1 − 2.0–6.5 
QPlogS − 4.1 − 2.8 − 2.9 − 4.3 − 3.8 − 3.8 − 6.5–0.5 
CIQPlogS − 4.6 − 3.9 − 4.3 − 4.6 − 4.3 − 4.4 − 6.5–0.5 
QPlogHERG − 4.9 − 5.3 − 4.1 − 5.3 − 5.5 − 5.3 a 

QPPCaco (nm/sec) 915 154 390 2155 2155 655 b 

QPlogBB − 0.8 − 1.9 − 1.0 − 0.6 − 0.5 − 1.1 − 3.0–1.2 
QPPMDCK (nm/sec) 450 66 179 1134 1134 313 b 

QPlogKp − 2.0 − 3.0 − 2.8 − 1.2 − 1.1 − 2.2 Kp in cm/hr 
IP (ev) 9.1 9.1 9.3 9.0 9.3 9.1 7.9–10.5 
EA (eV) − 0.2 0.0 0.0 0.7 0.8 0.8 − 0.9–1.7 
#metab 4 6 5 4 3 4 1–8 
QPlogKhsa 0.5 − 0.2 0.0 0.2 0.2 0.1 − 1.5–1.5 
Human Oral Absorption 3 3 3 3 3 3 – 
Percent Hum. Oral Absorp. 97 78 87 100 100 95 c 

PSA 45 88 84 67 59 81 7–200 
RuleOfFive 1 0 0 0 0 0 Maximum is 4 
RuleOfThree 0 0 0 0 0 0 Maximum is 3 
Jm 0.2 0.5 0.6 2.1 3.1 0.3 -  

a (corcern below − 5). 
b <25 is poor and >500 is great. 
c <25% is poor and >80% is high. 

Table 5 
In vitro anti-proliferative activities of Diethylstilbestrol, Enterodiol, Enter-
olactone, Flavokawain A, Flavokawain B, and Flavokawain C compounds 
against human cancer cell lines.  

NO Compounds SK-LU-1 SPC-A-1 95D 

IC50 (μM) IC50 (μM) IC50 (μM) 

1 Diethylstilbestrol 15.02 12.76 17.36 
2 Enterodiol 67.31 61.05 64.07 
3 Enterolactone 45.84 42.17 41.12 
4 Flavokawain A 23.27 19.06 22.45 
5 Flavokawain B 29.31 31.73 32.62 
6 Flavokawain C 22.66 25.01 20.98  

Doxorubicin* 25 30 25  
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activity with proteins are given in Figs. 8–11. The numerical values of all 
parameters of this interaction are given in Table Tables 3 and 4. 

After these interactions patterns, ADME/T calculations were made to 
examine how these molecules act in human metabolism. With these 
calculations, he examines the uptake of molecules into human meta-
bolism, their movements for metabolism, their effects and reactions, and 
finally their excretion from human metabolism [43,44]. 

Many other parameters are used to explain the exposure and in-
teractions that occur between molecules and proteins. As a result of the 
ADME/T calculations, it was seen that the numerical values of the pa-
rameters found for the studied molecules were within the desired range. 
As a result, the molecules studied are suitable for future use as drugs 
[45]. 

3.3. Anti-cancer results 

The compounds of Diethylstilbestrol, Enterodiol, Enterolactone, 
Flavokawain A, Flavokawain B, and Flavokawain C were screened in 
vitro for their antcancer anticancer activities against SPC-A-1, SK-LU-1, 
and 95D human lung cancer cell lines, with the anticancer drug Doxo-
rubicin used as a control compound. Indeed, in vitro anticancer 
screening methods were conducted at various compound concentra-
tions. All of the experiments were carried out in triplicate. Additionally, 
the IC50 values were calculated from the percentage of anticancer effect 
by nonlinear curve fitting and are presented in Table 5. In this part, 
between all of the investigated molecules, Diethylstilbestrol, Fla-
vokawain A, Flavokawain C and Flavokawain B exhibited the most 
potent growth inhibition in the three lung cancer cells, with an IC50 
value of 12–30 μM, indicating that they are more potent than Doxoru-
bicin, which exhibited an IC50 value of 25–30 μM. Also, other molecules 
exhibited significantly weaker activity, because the anticancer was 
lower than that of Doxorubicin in the three cell lines, with an IC50 value 
of 30–70 μm (Table 5). 

4. Conclusions 

In this study, among the molecules that we successfully investigated, 
compounds Diethylstilbestrol, Flavokawain C, Flavokawain A and Fla-
vokawain B had a strong electron-withdrawing group in the phenyl ring 
with the highest cytotoxic activity against the cancer cell lines tested. On 
the other hand, the four molecules had lung-anticancer potentials, and 
they may used use as anti-collagenase and anti-elastase drugs design. 
The results of the theoretical calculations made showed that both DFT 
calculations and molecular docking calculations were found to be in 
great agreement with the experimental results. This study is an impor-
tant reference for future in vivo and in vitro studies. 
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