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Abstract: There are some studies that suggest that interleukin-6 can modulate cancer cell growth. It is 

important to mention that some drugs have been used to inhibit the biological activity produced by 

interleukin-6 on cancer cells. However, their interaction with this biomolecule is very confusing. 

Analyzing these data, the aim of the investigation was to carry out a theoretical study on the interaction 

of twenty-flavonoid derivatives with interleukin-6. Besides, 1N26 protein and interleukin-6 inhibitors 

such as madindoline A, clarithromycin, and tenidap were used as theoretical tools in the DockingServer 

program. The results showed different amino acid residues were involved in the interaction of flavonoid 

derivatives with 1N26 protein surface compared with madindoline A, clarithromycin, and tenidap. 

Other results show that the inhibition constant (Ki) for flavonoid derivatives such as 1, 2, 5, 10, 13, 18, 

and 19 was lower than that of madindoline A. Finally, the Ki for 11 was lower than for clarithromycin 

and tenidap. In conclusion, the flavonoid derivatives  1, 2, 5, 10, 11, 13, 18, and 19 could be a good 

alternative as interleukin-6 inhibitors to decrease cancer cell growth. 
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1. Introduction 

Cancer is one of the leading causes of death worldwide [1-4]; this pathology clinic is 

conditioned for several factors, such as genetics [5, 6], drugs [7, 8], dietary fatty acid pattern 

[9], and cigarette smoking [10]. It is important to mention that there are drugs to treat several 

types of cancer such as avelumab [11], dactinomicyn [12], tamoxifen [13], atezolizumab [14], 

dutasteride [15], blinatumomab [16], doxorubicin [17] and others. However, some of these 

drugs can produce some secondary effects, such as neutropenia [18], cardiotoxicity [19], and 

ocular toxicity [20]. In the search for new therapeutic alternatives, some flavonoids have been 

used as therapeutic agents; this may be due to antioxidant [21-23], anti-inflammatory [24, 25], 

and anticancer effects [26, 27]. In this way, a study suggests that a flavonoid (silibinin) may 

exert anticancer activity against human ovarian cancer cells by increasing apoptosis and 

inhibiting the epithelial-mesenchymal transition [28]. Other data indicate quercetin may 

decrease nasopharyngeal carcinoma growth by regulating YAP (yes-associated protein) [29]. 
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Recently, a study showed that another type of flavonoid, such as chrysin, could affect genomic 

stability in breast cancer cells by suppressing DNA double-strand break repair [30]. 

Furthermore, one report indicates that genistein inhibits human prostate cancer cell growth by 

regulating the caspase-3 pathway [31]. Other data show that lutein may inhibit tumor 

progression in lung cancer cells through the ATR/Chk1/p53 signaling pathway [32]. In 

addition, a study showed that naringenin decreases cancer cell growth through cyclin-

dependent kinase 6 inhibition [33]. Other data showed that combined treatment of 

naringenin/epicatechin suppressed colon carcinoma cell survival and epithelial-mesenchymal 

transition (a phenomenon that leads to functional changes in cell migration and invasion) [34]. 

Another study displays that naringin inhibits tumor growth and reduces interleukin-6 and tumor 

necrosis factor-α levels in Rats with Walker 256 Carcinosarcoma (a mixed tumor with sarcomatous 

and parenchymal components) [35]. All these data indicate that flavonoids can act as 

carcinogenic agents through interaction with some biomolecules; however, their interaction 

with interleukin-6 is not very clear on cancer cell growth. Analyzing these data, this study 

aimed to assess the possibility that several flavonoids could interact with interleukin-6 using 

the 1N26 protein as a theoretical model. Besides, clarithromycin, benzoxazole derivative, 

madindoline-A, and tenidap anticancer drugs were used as controls on DockingServer 

software.  

2. Material and Methods 

2.1. Methodology general. 

Figure 1 shows the chemical structure of twenty flavonoid derivatives (compounds 1 to 

20), which were used as theoretical tools to assess their potential interaction with interleukin-

6 as follows: 

 
Figure 1. Structure chemical of flavonoid derivatives (1 to 20), 1. (-)-Epicatechin gallate, 2. (-)-Epigallocatechin 

gallate, 3. (-)-Gallocatechin gallate, 4.(-)-Gallocatechin, 5. Baicalein, 6. Chrysin, 7. Corylin, 8. Daidzein, 9. 

Eriodictyol, 10. Genistein, 11. Genistin, 12. Hessperidin, 13. Luteolin, 14. Morin, 15. Naringin, 16. Quercetin 2, 

17. Quercitrin, 18. Rutin, 19. Scutellarein, 20. Silibinin 
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2.2. Physicochemical parameters. 

Electronic parameters such as HOMO (Highest Occupied Molecular Orbital), LUMO 

(Lowest Unoccupied Molecular Orbital) energy, orbital coefficients distribution, molecular 

dipole moment, HBD (hydrogen bond donor groups), HBA (hydrogen bond acceptor groups) 

and PSA (polar surface area) were determined using the SPARTAN’06 software [36].  

2.3. Ligand-protein.  

The binding of flavonoid derivatives with Interleukin-6 was determined using 1N26 

(PDB DOI: https://doi.org/10.2210/pdb1N26/pdb) [37] protein as a theoretical model. In 

addition, to evaluate the thermodynamic parameters involved in flavonoid derivative-protein 

complex formation, the DockingServer program was used [38]. 

2.4. Pharmacokinetic evaluation. 

Theoretical pharmacokinetics involved in the chemical structure of flavonoid 

derivatives (1, 2, 5, 10, 11, 13, 18, and 19) were determined using the SwissADME software 

[39, 40].  

2.5. Toxicology analysis. 

Toxicity evaluation for flavonoid derivatives 1, 2, 5, 10, 11, 13, 18, and 19 was 

determined using GUSAR software [41]. 

3. Results and Discussion 

There are some reports that interleukin-6 may be associated with increased growth of 

cancer cells [4-11]; for this reason, a theoretical study was conducted in this investigation to 

evaluate the possibility that flavonoid derivatives could interact with interleukin-6 surface 

using the DockingServer program. 

3.1. Physicochemical parameters analysis. 

There are several studies indicating that molecular orbitals (HOMO/LUMO) and their 

frontier electron density are theoretical tools to predict the reactivity of a molecule [42, 43]. 

For example, a report showed the frontier molecular orbitals (HOMO-LUMO gap) levels of 

some flavonoids such as catechin, quercetin, luteolin, and taxifolin using the density functional 

theory method [44]. Other studies show the frontier orbitals (HOMO/LUMO) of either catechin 

or epicatechin using Gaussian calculations to predict the reactivity of these compounds [45]. 

Analyzing these data in this study, HOMO, LUMO, and HOMO-LUMO gap for flavonoid 

derivatives (compound 1 to 20) were determined using the Spartan´06 software (Figures 2-5 

and Table 1). The results showed that the HOMO-LUMO gap value for compound 7 (10.08 

eV) was lower compared to flavonoid derivatives 1-6 and 8-20 (Table 1); this phenomenon 

could be conditioned by the molecular orbital that is located in the phenyl and other groups. 

All these data suggest that functional groups could induce changes in the organic 

superconductivity of flavonoid derivatives as happens; this phenomenon could bring 

consequence variations in the electronic transmittance. 
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Table 1. Theoretical evaluation of physicochemical parameters of flavonoid derivatives (1-20) using 

SPARTAN'06 software. 

Compound HOMO LUMO E PSA LogP µ HBD HBA 

1 -8.53 2.16 10.69 158.13 2.46 4.74 7 9 

2 -8.62 2.18 10.80 176.19 2.07 6.55 8 10 

3 -8.29 2.21 10.50 175.71 2.07 5.70 8 10 

4 -8.57 3.66 12.23 117.89 1.11 4.44 6 7 

5 -8.54 1.71 10.25 71.30 1.40 3.73 3 5 

6 -8.84 2.37 11.21 55.38 2.02 2.79 2 4 

7 -7.72 2.36 10.08 46.47 3.15 4.60 1 4 

8 -8.25 2.30 10.55 59.86 2.18 2.29 2 4 

9 -8.34 2.12 10.46 109.34 0.85 6.83 5 7 

10 -8.44 2.16 10.60 74.36 1.74 4.33 3 5 

11 -8.51 2.03 10.54 140.56 -0.10 4.30 6 10 

12 -8.11 2.80 10.91 193.05 -1.22 13.78 8 15 

13 -8.66 1.81 10.47 92.67 1.01 3.30 4 6 

14 -8.75 2.26 11.01 112.18 0.58 4.17 5 7 

15 -8.89 2.07 10.96 188.19 -1.10 8.89 8 14 

16 -8.51 2.05 10.56 112.20 0.58 1.65 5 7 

17 -8.25 1.99 10.24 160.14 -1.21 7.02 7 11 

18 -7.85 2.65 10.50 227.93 -2.96 11.08 10 16 

19 -8.51 2.06 10.57 78.15 1.40 5.86 3 5 

20 -8.55 1.98 10.53 131.91 1.53 2.17 5 10 

 

 
Figure 2. The scheme shows the molecular orbitals (HOMO and LUMO) involved in compounds 1 to 5, 

visualized with SPARTAN'06 software. 

 
Figure 3. Frontiers orbitals (HOMO and LUMO) involved in compounds 6 to 10, visualized with SPARTAN'06 

software. 
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Figure 4. The scheme shows the frontier orbitals (HOMO and LUMO) involved in compounds 11 to 15, 

visualized with SPARTAN'06 software. 

 
Figure 5. Frontiers orbitals (HOMO and LUMO) involved in the compounds 16 to 20, visualized with 

Spartan'06 software. 

3.2. Interaction ligand-protein. 

It is important to mention that some methods have been used to predict the interaction 

of several compounds with different biomolecules; for this reason, these methods have had 

wide applications in designing new compounds with biological activity. Analyzing this data, 

in this research, a theoretical evaluation was carried out to evaluate the interaction of flavonoid 

derivatives (compounds 1 to 20) with the Interleukin-6 surface using the 1N26 protein (Crystal 

Structure of the extracellular domains of human interleukin-6 receptor alpha chain) [37] as 

control. Besides, some interleukin-6 inhibitors, such as madindoline A [46], clarithromycin 

[47], and tenidap [48], were used as theoretical tools in DockingServer software. The results 

(Table 2) showed different amino acid residues involved in the interaction of flavonoid 
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derivatives (compounds 1 to 20) with 1N26 protein surface compared with madindoline A, 

clarithromycin, and tenidap; this phenomenon may be due to differences in their chemical 

structure (Figures 1 and 2).  

Table 2. Coupling of the flavonoid derivatives with the aminoacid residues involved on1N26 protein surface. 

Compounds Aminoacids Residues 

Madindoline A Lys105; Leu108; Ser109; Asn110; Val112; Gln158; Asn226 

Clarithromycin Leu108; Asn226; Ser227 

Tenidap Leu108; Asn226 

1 Leu108; Asn226; Ser227; Phe229 

2 Leu108; Asn226; Ser227; Ser228; Phe229 

3 Leu108; Asn226; Ser227; Ser228; Phe229 

4 Phe103; Lys105; Ser106; Ser109; Val112; Asn226 

5 Phe103; Lys105; Ser109; Asn110; Val112; Gln158 

6 Arg104; Leu108; Asn110 

7 Leu108; Ser109; Asn110; Asn226; Ser227; Ser228; Phe229 

8 Leu108; Asn226; Ser227; Ser228; Phe229; Met902 

9 Leu108; Asn110; Gln158 

10 Leu108; Ser109; Asn226; Ser227; Ser228; Phe229 

11 Ser106; Leu108;Ser109; Asn110; Gln158; Asn226; Ser226; Phe229 

12 Leu108; Ser109; Asn110; Gln158; Asn226; Ser227 

13 Ser109; Asn110; Val112; Gln158 

14 Asp221; His223; Asn226 

15 Leu108; Ser109; Asn110; Gln158; Ser227 

16 Leu108; Ser109; Asn110; Gln158; Asn226; Ser227 

17 Ser106; Leu108; Ser109; Asn110; Gln158; Asn226; Ser227 

18 Ser109; Ser224; Asn226 

19 Leu108; Asn226; Ser227; Ser228; Phe229 

20 Leu108; Ser109; Asn110; Gln158; Asn226; Ser227; Ser228; Phe229 

3.3. Bond energies analysis. 

Some reports indicate that protein-ligand complex formation can depend on some 

thermodynamic parameters such as free energy of binding, inhibition constant, van der Waals 

+ hidrogen bond + desolv energy (Vander Walls Forces + Hydrogen bonds + desolv Energy),  

electrostatic energy, and total intermolecular energy [49, 50]. For this reason, this research 

aimed to evaluate some theoretical thermodynamic parameters involved in the interaction of 

flavonoid derivatives (1-20) with 1N26 protein surface using DockingServer software (Table 

3).  

Table 3. Thermodynamic parameters involved in interacting flavonoid derivatives with 1N26 protein surface 

using DockingServer software. 

Compound Est: Free 

Energy of 

Binding 

[kcal/mol] 

Inhibition 

Constant, Ki 

[mM] 

Inhibition 

Constant, Ki 

[mM] 

Electrostatic 

Energy 

[kcal/mol] 

Total 

Intermolec. 

Energy 

[kcal/mol] 

Interact. 

Surface 

Madindoline A -3.74 1.81 -4.96 -0.02 -4.98 591.806 

Clarithromycin -3.47 2.87 -3.23 +0.01 -3.22 549.693 

Tenidap -4.13 933.64 -4.80 +0.06 -4.75 493.776 

1 -3.91 1.36 -3.23 -0.02 -3.25 376.043 

2 -4.06 1.05 -2.91 -0.00 -2.91 371.474 

3 -2.96 6.71 -3.05 -0.06 -3.11 439.282 

4 -2.88 7.75 -3.27 -0.15 -3.42 399.39 

5 -3.99 1.18 -3.35 -0.29 -3.65 406.657 

6 -4.22 810.71 -4.31 -0.07 -4.37 424.803 

7 -4.15 914.07 -4.67 -0.04 -4.72 515.823 

8 -3.44 3.01 -4.28 -0.05 -4.33 426.573 

9 -4.48 520.61 -3.57 -0.01 -3.58 409.904 

10 -3.84 1.52 -4.29 -0.04 -4.32 431.991 

11 -3.58 2.39 -3.80 -0.09 -3.89 521.265 

12 -4.66 382.15 -3.57 -0.03 -3.61 568.387 

13 -3.94 1.30 -3.41 -0.15 -3.55 392.611 

https://doi.org/10.33263/BRIAC143.052
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC143.052  

 https://biointerfaceresearch.com/ 7 of 14 

 

Compound Est: Free 

Energy of 

Binding 

[kcal/mol] 

Inhibition 

Constant, Ki 

[mM] 

Inhibition 

Constant, Ki 

[mM] 

Electrostatic 

Energy 

[kcal/mol] 

Total 

Intermolec. 

Energy 

[kcal/mol] 

Interact. 

Surface 

14 -4.11 978.16 -3.74 -0.23 -3.97 409.879 

15 -4.38 618.24 -4.06 -0.01 -4.07 557.354 

16 -4.36 638.30 -3.73 -0.07 -3.80 440.119 

17 -5.35 120.74 -3.49 -0.07 -3.56 469.403 

18 -4.00 1.17 -1.68 +0.00 -1.67 344.484 

19 -3.91 1.36 -3.78 -0.09 -3.87 386.549 

20 -4.71 354.08 -4.83 +0.04 -4.79 682.816 

 

The results (Table 3) showed differences in the y levels for flavonoid derivatives 

compared with madindoline A, clarithromycin, and tenidap. Besides, the inhibition constant 

(Ki) for flavonoid derivatives 1, 2, 5, 10, 13, 18, and 19 was lower compared with madindoline 

A. Other data indicate that Ki for 11 was lower compared with clarithromycin and tenidap. All 

these data suggest that flavonoid derivatives 1, 2, 5, 10, 11, 13, 18, and 19 could act as 

interleukin-6 inhibitors, producing changes in the biological activity of interleukin-6; this 

phenomenon may translated as a decrease in cancer cell growth. However, it is important to 

mention that the bond length could be a very important factor in the stability of the protein-

ligand complex. 

3.4. Protein-ligand complex distance. 

There are studies to predict the bond distance between different compounds that act as 

ligands and some biomolecules [51, 52]. Therefore, the protein-ligand formation may be 

conditioned by the bond length between each atom of flavonoid derivatives with the amino 

acid residues involved on 1N26 protein surface. For this reason, the bond distance involved in 

the interaction of flavonoid derivatives 1, 2, 5, 10, 11, 13, 18, 19 with 1N26 protein surface 

was made taking as a chemical basis the ether group of pyran ring, which is bound to phenyl 

group involved in the chemical structure of the flavonoid derivatives The results (Table 4) 

showed differences in the distance involved on the interaction of flavonoid derivatives with 

1N26 protein surface compared with madindoline A, clarithromycin and tenidap. This 

phenomenon could determine the stability of the protein-ligand complex. 

Table 4. Distance of amino acid residues involved in 1N26 protein surface with flavonoid derivatives (1, 2, 5, 

10, 11, 13, 18, 19), madindoline A, clarithromycin, and tenidap. 

Compound Aminoacid residues Distance (Å) 

(+)-Madindoline A 

 

Lys105 

Leu108 

Asn110 

Val112 

Gln158 

Asn226 

105.29 

106.71 
102.90 

95.12 

92.57 

110.31 

Clarithromycin 

 

Leu108 

Ser109 

Ser228 

Phe229 

116.71 

105.97 
115.99 

118.26 

Tenidap Leu108 

Asn226 

105.28 

109.91 

1 Leu108 

Asn226 

Ser227 

Phe229 

105.68 

109.11 

113.03 

114.95 

2 Leu108 

Asn226 
Ser227 

Ser228 

105.69 

109.11 
113.03 

114.80 
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Compound Aminoacid residues Distance (Å) 

Phe229 114.95 

3 Phe103 

Lys105 

Ser106 

Val112 
Asn226 

95.35 

101.33 

104.26 

96.49 
109.11 

4 Asp221 

His223 

Trp225 

Asn226 

109.60 
107.52 

106.12 

107.08 

5 Phe103 

Lys105 

Ser109 

Asn110 

Val112 

Gln158 

95.52 

100.62 

102.97 
100.54 

93.19 

95.44 

8 Leu108 

Asn226 

Ser227 

Phe229 

104.21 

107.67 

111.02 
112.68 

10 Leu108 
Ser109 

Asn226 

Ser227 

Ser228 
Phe229 

104.88 
101.64 

107.61 

111.57 

113.48 
111.55 

11 Ser106 

Leu108 

Ser109 

Asn110 

Gln150 

Asn226 

Ser227 

Phe229 

104.20 
105.60 

104.07 

101.70 

94.24 
108.92 

112.94 

113.01 

13 Ser109 

Asn110 

Val112 

Gln158 

101.66 

100.51 

92.76 
95.41 

18 Ser109 

Ser224 

Asn226 

105.36 
107.95 

107.77 

19 Leu108 

Asn226 

Ser227 

Ser228 

Phe229 

104.38 

107.12 

111.80 

113.72 
113.45 

3.7. Pharmacokinetic evaluation.  

In the literature, there are methods to predict several pharmacokinetic parameters [53-

55]. For this reason, this study determined different pharmacokinetic parameters for flavonoid 

derivatives (1, 2, 5, 10, 11, 13, 18, 19) using the SwissADME software (Tables 4 and 5). Results 

indicate differences in gastrointestinal absorption and metabolism (involving several 

cytochrome P450 systems) compared with madindoline A, clarithromycin, and tenidap. This 

could be due to differences in the chemical structure of each flavonoid derivative and their 

degree of lipophilicity (LogP, see Table 1). 

Table 4. Theoretical Pharmacokinetic parameters involved in flavonoid derivatives 1, 2, 5, madindoline A (I) , 

clarithromycin (II), and tenidap (III). 

Parameter Madindoline A Clarithromycin Tenidap 1 2 5 

GI absorption 

BBB permeant 

P-gp sustrate 

CYP1A2 inhibitor 

High 
Yes 

Yes 

No 

Low 
No 

Yes 

No 

High 
No 

No 

Yes 

Low 
No 

No 

No 

Low 
No 

No 

No 

High 
No 

No 

Yes 
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Parameter Madindoline A Clarithromycin Tenidap 1 2 5 

CYP2C19 inhibitor 

CYP2C9 inhibitor 

CYP2D6  inhibitor 
CYP3A4 inhibitor 

No 

No 

Yes 
Yes 

No 

No 

No 
No 

Yes 

Yes 

No 
No 

No 

No 

No 
No 

No 

No 

No 
No 

No 

No 

Yes 
Yes 

GI = Gastrointestinal; BBB = Blood-Brain-Barrier; P-gP = P-Glycoprotein; CYP = cytochrome P450 systems 

Table 5. Theoretical Pharmacokinetic parameters involved in flavonoid derivatives 10, 11, 13, 18 and 19.  

Parameter 10 11 13 18 19 

GI absorption 

BBB permeant 

P-gp sustrate 

CYP1A2 inhibitor 

CYP2C19 inhibitor 
CYP2C9 inhibitor 

CYP2D6  inhibitor 

CYP3A4 inhibitor 

High 
No 

No 

Yes 

No 
No 

Yes 

Yes 

Low 
No 

No 

No 

No 
No 

No 

No 

High 
No 

No 

Yes 

No 
No 

Yes 

Yes 

Low 
No 

Yes 

No 

No 
No 

No 

No 

High 
No 

No 

Yes 

No 
No 

Yes 

Yes 

3.8. Theoretical toxicity analysis. 

Several methods for predicting toxicity degree have been used, such as ProTox-II [56], 

STopTox [57], ToxAlert [58], q-Tox [59], and others. Analyzing these data, this study 

determined the possible theoretical toxicity produced by flavonoid derivatives 1, 2, 5, 10, 11, 

13, 18, and 19 using the GUSAR software [44]. The results (Table 6) suggest that the 

compounds madindoline A, clarithromycin, and tenidap require low doses via either 

intravenous or subcutaneous routes to produce toxicity compared to flavonoid derivatives. 

These results could be due to the different functional groups involved in each compound. 

Table 6. Theoretical toxicity analysis produced by madindoline, clarithromycin, tenidap, and flavonoid 

derivatives (1, 2, 5, 10, 11, 13, 18, 19).  

Compound Rat IP LD50 

[mg/kg] 

Rat IV LD50 

[mg/kg] 

Rat Oral LD50 

[mg/kg] 

Rat SC LD50 

[mg/kg] 

Madindoline A 227.90 25.01 896.50 181.30 

Clarithromycin 112.80 49.28 2120.00 1627.00 

Tenidap 1629.00 151.80 1576.00 1107.00 

1 1083.00 801.50 1573.00 622.80 

2 1114.00 647.60 2933.00 570.70 

5 855.20 185.10 1324.00 3502.00 

10 1196.00 297.10 1749.00 2886.00 

11 647.20 1832.00 3655.00 4621.00 

13 1573.00 372.00 1684.00 2723.00 

18 122.00 2132.00 29.53.00 1653.00 

19 798.10 200.60 1577.00 2818.00 

IP - Intraperitoneal route of administration; IV - Intravenous route of administration; Oral - Oral route of 

administration; SC - Subcutaneous route of administration 

4. Conclusions 

The theoretical interaction of flavonoid derivatives (1, 2, 5, 10, 11, 13, 18, 19) with 

interleukin-6 was determined using DockingServer software. The results showed that flavonoid 

derivatives 1, 2, 5, 10, 11, 13, 18, and 19 could act as interleukin-6 inhibitors, producing 

changes in the biological activity interleukin-6. In conclusion, these flavonoid derivatives could 

be a good alternative as interleukin-6 inhibitors to decrease cancer cell growth.  
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