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ABSTRACT 

Objective: The aim of this study was to determine which metabolite plays a role in the cardioprotective 

effect of dexrazoxane, and also to identify alternative compounds to dexrazoxane since clinical use of 

dexrazoxane is limited. For this purpose, the interactions of dexrazoxane and its three metabolites (B, C, and 

ADR-925), as well as the compounds, which reported to be inhibitors for topoisomerase VI (prototype of human 

DNA topoisomerase II beta), with human DNA topoisomerase II beta were investigated by molecular docking. 

Afterwards, the theoretical ADMET properties of all these compounds were determined 

Material and Method: The molecular structures were optimized by Gaussview 05 and Gaussian 03 

package programs. AutoDock 4.2 software was used for molecular docking studies and the docking complexes 

were analyzed in 2D and 3D using the Discovery Studio Client 4.1 program. The pkCSM online program was 

used to calculate the theoretical ADMET parameters. 

Result and Discussion: As a result of molecular docking studies, it was determined that the B metabolite of 

dexrazoxane has a higher binding potential to human DNA topoisomerase II beta compared to both dexrazoxane and 

its other metabolites. The binding potentials of other compounds reported in the literature to human DNA 

topoisomerase II beta were radicicol>quinacrine>purpurin>9-Aminoacridine>hexylresorcinol, respectively. 

                                                           
* Corresponding Author / Sorumlu Yazar: Fuat Karakuş 

e-mail / e-posta: fuatkarakus@yyu.edu.tr, Phone / Tel.: +90 432 444 5065 (21185) 

 

Submitted / Gönderilme: 10.03.2022  Accepted / Kabul: 28.04.2022 

 
İD 

 
İD 

https://orcid.org/0000-0002-5260-3650
https://orcid.org/0000-0002-7305-7177


J. Fac. Pharm. Ankara, 46(2): 474-486, 2022                               Karakuş and Kuzu 475 

The results showed that the B metabolite of dexrazoxane plays an important role in the cardioprotective 

mechanism of action of dexrazoxane against anthracycline cardiotoxicity. In addition, it has been determined 

that other compounds, except purpurin, have the potential to cause toxicity. 

Keywords: Anthracycline cardiotoxicity, cardioprotective agents, dexrazoxane, in silico analysis, 

topoisomerase II inhibitors 

ÖZ 

Amaç: Bu çalışmanın amacı deksrazoksanın kardiyoprotektif etkisinde hangi metabolitinin rol 

oynadığını belirlemek ve ayrıca deksrazoksanın klinik kullanımı sınırlı olduğu için deksrazoksana alternatif 

bileşikleri saptamaktı. Bu amaçla, deksrazoksan ve üç metabolitinin (B, C, ve ADR-925) ve ayrıca literatürde 

topoizomeraz VI (insan DNA topoizomeraz II beta’nın prototipi) için inhibitör olduğu bildirilen bileşiklerin 

insan DNA topoizomeraz II beta ile etkileşimleri moleküler kenetleme ile araştırıldı. Sonrasında tüm bu 

bileşiklerin teorik ADMET özellikleri belirlendi. 

Gereç ve Yöntem: Moleküler yapılar Gaussview 05 ve Gaussian 03 paket programları ile optimize 

edildi. Moleküler kenetleme çalışmaları için AutoDock 4.2 yazılımı kullanıldı ve kenetleme kompleksleri 

Discovery Studio Client 4.1 programı kullanılarak 2D ve 3D olarak analiz edildi. Teorik ADMET 

parametrelerini hesaplamak için pkCSM çevrimiçi programı kullanıldı. 

Sonuç ve Tartışma: Moleküler kenetleme çalışmaları sonucunda deksrazoksanın B metabolitinin, hem 

deksrazoksana hem de diğer metabolitlerine kıyasla insan DNA topoizomeraz II beta’ya daha fazla bağlanma 

potansiyeli olduğu belirlendi. Literatürde bildirilen diğer bileşiklerin de insan DNA topoizomeraz II beta’ya 

bağlanma potansiyelleri sırası ile radisikol>kinakrin>purpurin>9-Aminoakridin>heksilresorsinol şeklindeydi.  

Sonuçlar, deksrazoksanın antrasiklin kardiyotoksisitesine karşı kardiyorprotektif etki mekanizmasında 

deksrazoksanın B metabolitinin önemli bir rol oynadığını göstermiştir. Bunun yanında, araştırılan diğer 

bileşiklerden purpurin dışındakilerin toksisite oluşturma potansiyelleri olduğu da belirlenmiştir.  

Anahtar Kelimeler: Antrasiklin kardiyotoksisitesi, deksrazoksan, in siliko analiz, kardiyoprotektif 

ajanlar, topoizomeraz II inhibitörleri 

INTRODUCTION  

Anthracycline antibiotics (daunorubicin, doxorubicin, epirubicin, idarubicin, mitoxantron) have 

been widely used for many years in the treatment of solid and hematological tumors [1]. However, their 

clinical use are limited due to the severe cardiotoxic effects [2-4]. Reducing the cumulative dose of 

anthracycline is the main approach to preventing the cardiotoxicity, in addition, treatment with 

dexrazoxane (DEX), the only FDA-approved antidote, is recommended against some anthracycline-related 

cardiotoxicities and accidental anthracycline extravasation [5-8]. Clinical use of DEX, however, is limited 

due to concerns that it may increase the myelosuppressive effects of anthracyclines and ifosfamide [9] and 

it may also cause secondary malignancies after treatment for some pediatric cancers [10,11]. 

DEX (ICRF-187); is a (S)-4,4'-(1-methyl-1,2-ethanedyl) bis-2,6-piperazinedione and belongs to the bis-

dioxopiperazines [12]. It is reported in vitro and in vivo studies that DEX was biotransformed to an EDTA-like 

ADR-925 active metabolite via two hydrolytic intermediates (metabolites B and C; Figure 1) [13-15].  

Although it is accepted that ADR-925 protects cardiomyocytes by chelating increased 

intracellular iron as a result of anthracycline-induced oxidative damage, however, compounds that are 

stronger than DEX in terms of iron-chelating do not have a protective effect or have a less protective 

effect than DEX against anthracycline cardiotoxicity [15-18]. On the other hand, another mechanism 

that has come to the fore in recent years regarding the cardioprotective property of DEX is that it may 
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catalytically inhibit the topoisomerase II beta enzyme (topo IIβ) in cardiomyocytes [19-24], however, it 

is not yet known whether DEX or its metabolite(s) exert this inhibition. 

 

Figure 1. Biotransformation of Dexrazoxane (ICRF-187). (The molecular structures were drawn by 

ChemOffice Suite V20.1.1 software). 

 

In the present study, we focused on the question that which metabolite(s) or DEX itself inhibits 

topo IIβ and plays a role in the cardioprotective effect. For this purpose, we performed molecular 

docking studies to determine the interaction of DEX and its three metabolites (Figure 1) with human 

DNA topoisomerase II alpha (topo IIα) and topo IIβ enzymes. In addition, we also performed the 

docking studies for topo IIα and topo IIβ of five of the reported compounds (Figure 2; hexylresorcinol, 

purpurin, radicicol, quinacrine, 9-Aminoacridine) to be inhibitors against topo VI, a type of topo IIβ, 

found in both prokaryotes and some eukaryotes such as plants and algae [25-28]. Finally, we also 

investigated the some ADMET properties of these five compounds to find nontoxic possible topo IIβ 

inhibitors as well as the docking studies. 

 

Figure 2. Chemical structures of possible five inhibitors of human topo IIβ. (The molecular structures 

were drawn by ChemOffice Suite V20.1.1 software) 
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MATERIAL AND METHOD 

Molecular docking studies of human topo IIα and topo IIβ enzymes 

Molecular docking studies were conducted using AutoDock 4.2 software to identify the 

interactions of nine compounds with topo IIα and topo IIβ. Crystal structures of human topo IIα (PDB 

ID; 1ZXN) [29] and topo IIβ (PDB ID; 3QX3) [30] were obtained from the RCSB Protein Data Bank 

(www.rcsb.org). The molecular structure of the compounds was designed using Gaussview 5.0 and later 

optimized using the Gaussian 03 package based on the theoretical level of the B3LYP method and the 

6–31G basis set. To find potential binding sites between topo II enzymes of the optimized molecular 

structures, active sites were determined from the interaction map of the ligands, which the enzymes 

made complexes in the crystal structure and docking studies were performed for the identified active 

regions. 

The validation of molecular docking studies was performed for both topo IIα and topo IIβ 

enzymes. The fact that the Cluster RMSD (Root-mean-square Deviation) value calculated in the docking 

validation is in the range of 0-2 A° indicates that the docking operation is valid. The docking method 

was also optimized by re-docking of co-crystallized ligands into the binding site of target proteins. For 

re-dock method, the native ligands Adenine diphosphate and Etoposide were docked into their binding 

site on 1ZXN and 3QX3 PDB codes, respectively. The RMSD values of the re-docked ligands were 

calculated on DockRMSD online software (https://zhanggroup.org/DockRMSD/) and RMSD values of 

the ligands found as 1.951 A°, and 1.352 A° respectively. 

In DNA docking studies x: 51.354; y: -3.049; z: 78.946 for topo IIα, and x: 26.813; y: 105.382; 

z: 37.638 for topo IIβ were determined as coordinate centers. Then, using a grid box with 50×50×50 

points at the center of the predicted locations and a grid point spacing of 0.375 Å, the lowest placed 

conformations were selected for further studies. Water molecules were removed with AutoDock tools 

and subsequently polar hydrogen atoms, Gasteiger partial charges, and Kollman charges were added to 

the targets. Additionally, the rotatable bonds of the compounds were adjusted. Lamarckian genetic 

algorithm approach was applied in both simulations. The interactions of topo IIα and topo IIβ with the 

compounds were analyzed using the Discovery Studio Client 4.1 program. 

Theoretical pharmacokinetic study for possible human topo IIα and topo IIβ inhibitors 

Theoretical some ADMET information of the compounds were also calculated by using the 

pkCSM program [31]. LogP, Caco-2 permeability, and small intestine absorption represent the 

lipophilicity, the apparent predicted intestinal permeability, and the percent absorption of the compounds 

(Intest. Abs.%), respectively. Steady-state volume of distribution (VDss) means drug distribution in the 

body and the fraction unbound (Fu) shows portion of free drug in plasma. Excretion of the compounds 

are predicted via the total clearance (Total C) and whether substrate for kidney OCT2 (organic cation 

transporter 2). The hERG (the human Ether-à-go-go-Related Gene) I-II inhibition, hepatotoxicity, and 

skin sensitization represent the toxicity of the compounds. 

about:blank
about:blank
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RESULT AND DISCUSSION 

Binding affinity of the ligands to topo IIα and topo IIβ 

In the validation of molecular docking of topo IIα; ADP (Adenine diphosphate) ligand with 1ZXN 

PDB ID code obtained from the protein data bank. The docking was done in the grid box created for the 

target region. It was determined that the cluster RMSD value of the ligand molecule, which was tested 

with 10 different conformations, was 1.67 A°. For topo IIβ validation, Etoposide ligand with 3QX3 PDB 

ID code obtained from the protein data bank and the docking was done in the grid box created for the 

target region. The cluster RMSD value of the ligand molecule, which was tested with 10 different 

conformations, was 0.47 A°. It was determined that the ligand compounds docking for the determined 

target region of both enzymes had compatible RMSD values. The clustering histogram and RMSD tables 

have been added to supplementary information (Suppl. Table 1 and 2). 

The binding studies with topo IIα and topo IIβ were conducted by docking the compounds with 

the 1ZXN and 3QX3 crystal structures. The binding energies of the compounds were in the range of -

3.47 to -8.22 kcal/mol for topo IIα, and -3.75 to -10.77 kcal/mol for topo IIβ (Table 1).  

Table 1. Docking scores of the compounds with topo II enzymes 

Compounds 

Topoisomerase IIα 

(PDB ID: 1ZXN) 

Topoisomerase IIβ 

(PDB ID: 3QX3) 

Binding Energy 

(kcal/mol) 

Ligand 

efficiency 

Inh. 

con. 

(μM) 

Binding 

Energy 

(kcal/mol) 

Ligand 

efficiency 

Inh. 

con. 

(μM) 

DEX -6.63 -0.35 13.7 -5.88 -0.31 49.36 

B -5.16 -0.26 165.8 -5.66 -0.28 71.27 

C -5.08 -0.25 187.55 -5.46 -0.27 99.8 

ADR-925 -3.47 -0.17 2870 -3.75 -0.18 1790 

Quinacrine -6.83 -0.24 9.83 -8.70 -0.31 0.417 

9-Aminoacridine -6.50 -0.43 17.08 -7.21 -0.48 5.22 

Purpurin -7.35 -0.39 4.1 -8.14 -0.43 1.08 

Hexylresorcinol -5.67 -0.41 70.35 -6.30 -0.45 24.09 

Radicicol -8.22 -0.33 0.936 -10.77 -0.43 0.013 

 

The efficiency of the docking conformations of the ligands and the theoretically calculated 

inhibition concentrations are also shown in Table 1. The results indicated that DEX’s metabolites B 

(Figure 4) and C (Figure 5) have a higher binding affinity for topo IIβ and metabolite B has greater 

binding affinity than C (Table 1), while DEX itself has a higher binding affinity for topo IIα (Table 1, 

Figure 3). It was also found that other five compounds (hexylresorcinol, purpurin, quinacrine, radicicol, 

9-Aminoacridine) have a higher potential to inhibit topo IIβ than topo IIα. The binding potentials of 

these compounds to human topo IIβ were radicicol>quinacrine>purpurin>9-

Aminoacridine>hexylresorcinol, respectively (Table 1, Suppl. Figure 6-10). 

In addition, 2D interaction of the compounds with the active site in the target enzymes was 

analyzed to elucidate their interactions. Hydrogen bonding and other non-covalent interactions are 
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shown in Table 2. It was found that the compounds generally form H-bonds with ALA167, ASN91, 

SER148, and non-covalent interactions with ILE141, PHE142, and MG900 in 2D interactions with topo 

IIα. These amino acids are the interacting residues of the topo IIα in their complex with the ADP ligand 

[29]. On the other hand, it was found that the compounds generally form H-bonds with ASP479, 

ARG503, and non-covalent interactions with ARG503, DC8, and DT9 in 2D interactions of the 

compounds with topo IIβ. 

 

Figure 3. The 3D and 2D docking mode of DEX with topo IIα (PDB ID:1ZXN). a) 3D structure of the 

enzyme-ligand complex b) 3D ligand interactions c) 2D ligand interactions (Note :a, b, and c indicate 

the same expressions in figures 4 and 5). 

 

 

Figure 4. The 3D and 2D docking mode of metabolite B with topo IIβ (PDB ID:3QX3). 
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Figure 5. The 3D and 2D docking mode of metabolite C with topo IIβ (PDB ID:3QX3). 

 

ADMET properties of the compounds that are potential human topo II inhibitors 

The results of some ADMET parameters (Caco-2 permeability, intestinal absorption, VDss, Fu, 

total C, the substrate for kidney OCT2, hERG I/II inhibition, hepatotoxicity, skin sensitization) of the 

compounds are shown in Table 3. 

According to the ADMET results, the log P values of the compounds, except for quinacrine, seem 

to comply with Lipinski rules [32]. The obtained results showed that hexylresorcinol, quinacrine, 

radicicol, and 9-aminoacridine have suitable for Caco-2 permeability. DEX and purpurin seem like 

Caco-2 impermeable however their intestinal absorption was 51% and 73%, respectively (less than 30% 

indicates poor absorption). Intestinal absorptions of the other four compounds ranged from 81% to 95% 

(Table 3). 

The results from the theoretical distribution of the compounds in the body (VDss) showed that 

they, except for DEX, are found in plasma rather than in tissues (VDss is considered low if it is <-0.15 

and high if it is >0.45). In this context, the Fu values (indicate the free fraction of the compounds in 

plasma) of the compounds other than DEX were found to be low which means that the compounds’ 

binding rates to plasma proteins increase (Table 3).  
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Table 2. Docking interactions of the compounds with human topo II enzymes 

Compounds 

Topoisomerase IIα 

(PDB ID: 1ZXN) 

Topoisomerase IIβ 

(PDB ID: 3QX3) 

H-bonding 
Other non-covalent 

interactions 
H-bonding 

Other non-covalent 

interactions 

DEX 
ALA167, ASN91, ASN95, 

ARG162, ASN163, GLY164, 

ARG98, GLY166, 

ASP94 

ASP479, GLN778, 

DC8 

DC8, ARG503, 

GLY478 

B 
ASN120, ILE141, ASP94, 

ASN91, ALA167 

PHE142, ILE141, 

ASN91, MG900 

DC8, DT9, 

ASP479, ARG503, 

LEU502 

DC8 

C 

LYS168, ALA167, ILE141, 

ASN163, GLY164, ARG162, 

ASN91 

GLY161, MG900 
ARG503, 

LEU502, DT9 
GLY504, DT9 

ADR-925 

SER148, SER149, LYS168, 

ALA167, GLY164, ILE141, 

ASN163, ARG162 

MG900, ASN91, 

THR147 

DC8, DG10, DT9, 

ARG503, ASP479 
DT9, GLY504 

Hexylresorcinol 
SER148, ARG162, ASN91, 

ALA167 

ILE141, PHE142, 

MG900, GLY166 

 

DT9, ASP479 

DG13, DA12, 

ARG503, GLY478 

Purpurin 
ALA167, ASN91, GLU87, 

SER149, SER148, ASN150 

ILE141, PHE142, 

LYS168, MG900 

DG10, ASP479, 

DC8 
ARG503, SER480 

Quinacrine ASN91 

ALA92, ALA167, 

ILE141, ILE125, 

ARG98 

ARG503 
DT9, DG13, 

DA12, DC8 

Radicicol LYS168, GLY161, ASP94 
PHE142, ALA167, 

ARG98 
ASP479 

DA12, DG13, 

ARG503, DC8, 

DG10 

9-

Aminoacridine 
ASN91, ALA167, SER148 

MG900, LYS168, 

PHE142, ILE141 
ASP479, DT9 ARG503, DT9 

 

The clearance results suggested that the compounds were not substrate for OCT2, which is a renal 

transporter that plays an important role in the disposition and renal clearance of xenobiotics and 

endogenous compounds. Total clearance of the compounds was between 0.056 and 1.099 log mL/min/kg 

(Table 3). 

Another important ADMET parameter for xenobiotics is the inhibition of hERG because it 

encodes a subunit of a potassium ion channel which regulates the cardiac action potential. Inhibition of 

hERG can lead to acquiring long QT syndrome and fatal ventricular arrhythmia [33]. The results 

indicated that the compounds, except for quinacrine, do not inhibit hERG I/II. In addition, according to 

other theoretical toxicity results, radicicol and quinacrine can potentially cause hepatotoxicity, while 9-

aminoacridine and hexylresorcinol can produce skin sensitization. On the other hand, purpurin 

theoretically does not cause any toxicity (Table 3). 

Possible cardioprotective mechanism of DEX 

In recent years, it has been suggested that DEX's cardioprotective mechanism depends on 

inhibiting topo IIβ, which is expressed higher than topo IIα in the heart, rather than chelates increased 

free iron by oxidative stress in cardiomyocytes caused by anthracycline treatment [15-24]. Since DEX 

is administered at the clinic as an intravenous infusion, it is rapidly distributed to the heart and then to 
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the whole body. VDss and Fu results also showed that DEX can be found in tissues rather than plasma 

after the treatment. An in vivo study was shown that DEX reaches the heart and it is biotransformed into 

its metabolites B, C and ADR-925 [15]. Similar biotransformation results were also obtained from in 

vitro studies [13, 14]. The biotransformation of DEX to a large extent in the heart rather than the liver 

may play a role in the cardioprotective effect because one or two its metabolite(s) may inhibit the topo 

IIβ. The molecular docking studies indicated that DEX has a greater binding affinity for topo IIα (Figure 

3) while its metabolites (B and C) to topo IIβ (Table 1, Figure 4, and 5). In addition, DEX's ADR-925 

metabolite, which is reported to play main role in the cardioprotective effect by chelating increased iron, 

had a low binding affinity for both topo IIα (Table 1, Suppl. Figure 4) and topo IIβ (Table 1, Suppl. 

Figure 5). As the B metabolite of DEX has a greater binding affinity to topo IIβ (Figure 4) than topo IIα 

(Suppl. Figure 2) and theoretically inhibits the enzyme at lower concentrations (IC: 71.27 µM) by 

comparison the C metabolite of DEX (IC: 99.8 µM), the B metabolite of DEX may play a role in the 

cardioprotective effect against anthracycline-induced cardiotoxicity. 

Table 3. Theoretical pharmacokinetic study for ADMET properties 

Compounds 

Log P Caco2 

permeab

ility 

Human 

intestina

l abs. 

(%) 

VDss 

(human

) 

Fu 

(human

) 

Total C 

(log 

mL/min/k

g) 

Renal 

OCT2 

Substrat

e  

hER

G I/II 

Hepa- 

totoxicit

y 

Skin 

Sensitive 

DEX -2.70 -0.089 51 -0.17 0.89 0.972 No No No No 

Purpurin 1.58 -0.32 73 0.11 0.16 0.056 No No No No 

Radicicol 2.69 1.103 83 0.24 0.297 0.321 No No Yes No 

Quinacrine 
5.97 1.00 91 1.71 0.124 1.099 No I-No, 

II-Yes 

Yes No 

9-Amino 

acridine 

2.97 1.31 95 0.25 0.17 0.613 No No No Yes 

Hexylresorcinol 3.22 1.33 91 0.37 0.357 0.349 No No No Yes 

 

Probable and nontoxic human topo IIβ inhibitors 

The compounds reported in the literature to be inhibitors (hexylresorcinol, purpurin, quinacrine, 

radicicol, and 9-Aminoacridine) for topo VI, a prototypical topo IIβ, were also investigated whether it 

would inhibit human topo IIβ. Because both some recent publications [19-24], and our results suggested 

that inhibition of topo IIβ plays a key role in the cardioprotective effect of DEX. On the other hand, 

since DEX has limited clinical use due to some adverse effects [10, 11], theoretical toxicities of these 

compounds were also investigated to determine whether they could be an alternative to DEX. Although 

radicicol and quinacrine are the first two compounds with the highest binding affinity to topo IIβ among 

alternative compounds, they have the potential to produce hepatotoxicity and quinacrine can also induce 

cardiotoxicity by inhibiting hERG I/II according to our in silico ADMET results. Human hepatotoxicity 

of quinacrine was also reported in the literature [35, 36], but there is no study related to cardiotoxicity. 

No toxicity has been reported with radicicol either. In contrast, it has been reported to ameliorate 
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crotoxin-damaged skeletal muscle in mice [37, 38]. On the other hand, purpurin, which is the third 

highest binding potential to human topo IIβ, does not cause any toxicity and it inhibits human topo IIβ 

at a low concentration of 1.08 µM (Table 1). At the same time, there is no report related to purpurin 

toxicity. On the contrary, in vitro, and in vivo studies have been reported that it has antioxidant, 

antimicrobial, anticancer, and neuroprotective effects [39]. 9-aminoacridine and hexylresorcinol, which 

have less binding affinity for topo IIβ than the other compounds, are also likely to cause toxicity (skin 

sensitization, Table 3). This toxic effect has also been reported in a case report [40]. 

The results of the in silico study showed that metabolite B plays a role in the cardioprotective 

mechanism of action of DEX by inhibiting topo IIβ. It has also shown that the compounds previously 

known to be inhibitors of topo VI may be inhibitors of both human topo II enzymes at lower 

concentrations compared to both DEX and its metabolites. Based on our results, compounds other than 

purpurin are likely to cause toxicity. On the other hand, no toxicity of purpurin was observed in this 

study and also in the literature according to the literature search carried out until March 10. 
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Table 1. The cluster histogram and RMSD table for topo IIα (PDB ID: 1ZXN) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Table 2. The cluster histogram and RMSD table for topo IIβ (PDB ID: 3QX3) 

 

 

 

 

Figure 1. The 3D and 2D docking mode of DEX with topo IIβ (PDB ID:3QX3). a) 3D structure of the 

enzyme-ligand complex b) 3D ligand interactions c) 2D ligand interactions (Note :a, b, and c indicate 

the same expressions from figures 2 to 10) 

 



 

 
Figure 2. The 3D and 2D docking mode of metabolite B with topo IIα (PDB ID:1ZXN). 

 

 
Figure 3. The 3D and 2D docking mode of metabolite C with topo IIα (PDB ID:1ZXN). 

 

 



 
Figure 4. The 3D and 2D docking mode of metabolite ADR-925 with topo IIα (PDB ID:1ZXN). 

 
Figure 5. The 3D and 2D docking mode of metabolite ADR-925 with topo IIβ (PDB ID:3QX3). 

 

 



 

Figure 6. The 3D and 2D docking mode of radicicol with topo IIβ (PDB ID:3QX3). 

 

 

Figure 7. The 3D and 2D docking mode of quinacrine with topo IIβ (PDB ID:3QX3). 

 

 



 

Figure 8. The 3D and 2D docking mode of purpurine with topo IIβ (PDB ID:3QX3). 

 

 

Figure 9. The 3D and 2D docking mode of 9-Aminoacridine with topo IIβ (PDB ID:3QX3). 

 

 



 

Figure 10. The 3D and 2D docking mode of hexylresorcinol with topo IIβ (PDB ID:3QX3). 

 


