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Classification by the mechanism of action of antitumor drugs using quantitative descriptors has
been carried out in this study. The dataset of drugs includes 115 compounds with known activity and
mechanism of action. The structures have been taken from the National Cancer Institute database.
The dataset includes: 30 structures with the mechanism of alkylation action, 23 compounds are to-
poisomerase I inhibitors, 16 structures are topoisomerase II inhibitors, 17 compounds are DNA/RNA
antimetabolites (dihydrofolate reductase inhibitors), 16 molecules are DNA antimetabolites, and 13
compounds are antimitotic drugs. A decision tree has been constructed for determination of each
class of the compounds using 3D descriptors that have been computed by MERA software. Analysis
of the results has shown that each mechanism of drug action is characterized by a set of descriptors.
Important quantum-chemical descriptors of structures with mechanism for alkylation action,
DNA/RNA antimetabolites, and DNA antimetabolites have been determined. Quantum-chemical and
geometric descriptors for structures of topoisomerase II inhibitors and geometric descriptors for
structures of topoisomerase I inhibitors have been established. An important energy descriptor for
antimitotic drugs has been determined. The typical descriptor values for active and inactive struc-
tures for each mechanism of action have been determined. The quality recognition of active struc-
tures for each mechanism of drugs action has been determined. The highest recognition quality value
of active and inactive compounds is observed in the decision tree of topoisomerase II inhibitors. The
minimal recognition quality value of active and inactive compounds is observed in the decision tree
of DNA/RNA-antimetabolites. The suggested decision trees can be used for determination of the ac-
tion mechanism of antitumor drugs.
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Introduction

Creation of antitumor agents is an actual problem of modern science. The development of antitumor
drugs with a minimal side effect and maximal activity is of a particular interest. The development of
new drugs, the synthesis and determination of their activity does not always lead to expected positive
result, since requires a large amount of resources. The usage of virtual screening techniques and com-
puter modeling can minimize a time and cost for the development of new drugs. The creation of decision
tree [1-7] is one of virtual screening method. The method allows determining rules for classification of
compounds. The determined rules and descriptors can be further used for virtual design and screening of
molecules with desirable properties [8—10].

Research Methodology

In this paper, a theoretical study of the relationship between structural descriptors and mechanism of
action of antitumor drugs has been carried out. The dataset of drugs includes 115 compounds with
known activity and mechanism of action. The structures have been taken from the National Cancer Insti-
tute database [11]. The dataset includes:

— 30 structures acting by alkylation mechanism;

— 23 compounds are topoisomerase I inhibitors;

— 16 structures are topoisomerase Il inhibitors;

— 17 compounds are DNA/RNA antimetabolites (dihydrofolate reductase inhibitor);

— 16 molecules are DNA antimetabolites;

— 13 compounds are antimitotic agents.

All the studied structures possess an antitumor activity against some cell lines elucidated at National
Cancer Institute.

The energy minimization along with conformational analysis and the calculation of energies,
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charges, geometric characteristics and other descriptors for drugs have been carried out by using the
MERA model for all molecules. More than 500 geometric and quantum-chemical descriptors have been
calculated. Calculations have been performed using the online laboratory Chemosophia [12-20]. The
decision trees creation has been performed for all studied mechanisms and molecules and the descriptors
determining the mechanism of drugs action have been found.

Discussion

Analysis of the results showed that each mechanism of drugs action was characterized by their own
set of descriptors. Analysis of the decision tree for antitumor drugs possessing the alkylating mechanism
of action showed, that drugs were characterized by the portion of the overlapped surface of carbon
atoms in molecules. The recognition quality of for this decision tree is 76 %.

The highest descriptor values (0.48 + 0.54) are typical for antitumor drugs with alkylation action,
while inactive structures have lower descriptor values (0.45 + 0.48) (Fig. 1).

Carbon-including substitution increasing the strengthening tension and increasing the values of the
descriptor that in turn leads to strengthening the carbon as an alkylating agent. The electronegative
atoms in structure provide an interaction between a target and a drug, necessary for alkylation.

Portion of overlapped surface
1) 0.48 ~0.54
2)0.45+0.48
active inactive
\ 4 v
20 active structures 10 active structures
8 inactive structures 77 inactive structures

Fig. 1. Decision tree for anticancer drugs of alkylating action

Analysis of decision tree for topoisomerase I inhibitors showed, that the important characteristic
feature for these drugs is the standard deviation of all coordinates of atoms respectively to the center of
mass. The highest descriptor values (5.72 + 13.30) are characteristic features of topoisomerase I inhibi-
tors, inactive structures have lower values (0.45 + 6.77). The recognition quality of the decision tree is
71 % (Fig. 2).

Condition
1)5.72 +13.30
active 2)0.45+6.77 inactive
\4 \4
14 active structures 9 active structures
13 inactive structures 79 inactive structures

Fig. 2. Decision tree for anticancer drugs of the topoisomerase | inhibitors
(Condition — the standard deviation of all coordinates of atoms respectively to the center of mass)

Research of the decision tree for topoisomerase Il inhibitors showed, that the drugs are characte-
rized by number of electrons in overlaps of oxygen atoms. The highest descriptor values (1.17 + 1.81)
are typical for the inhibitors of topoisomerase II, while inactive structures have lower values (0.60 +
1.12).

Also, the important characteristic is the dimensions of topoisomerase II inhibitors, namely the max-
imal distance between the center of mass and the most remote atom along the second rotational inva-
riant. The active structures should have the distance, which lies in the range 6.91 + 8.97, while the inac-
tive structures have lower values of the descriptor ranging from 4.53 + 6.95. The recognition quality for
the decision tree is 80 % (Fig. 3).
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Condition
1)0.54 +1.90
active 2)0.21 +0.97 inactive
10 active structures 6 active structures
v*9 inactive structures 50 inactive structures
Condition 1 Condition 2
1) 1.17 + 1.81 1)6.91 = 8.97
active 2) 0.60 +1.12 inactive active 2)4.53+6.95 inactive
v \ 4 v
8 active 2 active 4 active 2 active
structures structures structures structures
6 inactive 43 inactive 6 inactive 44 inactive
structures structures structures structures

Fig. 3. Decision tree for antitumor topoisomerase Il inhibitors
(Condition, Condition 1 — the number of electrons in overlaps of oxygen atoms,
Condition 2 — the maximal distance between the center of mass
and the most remote atom along the second rotational invariant)

The dataset of the DNA/RNA -antimetabolites includes methotrexate derivatives and the pyrimidine
antagonists, inhibitors of a purine synthesis and nucleotides. Analysis of the results showed, that the ac-
tion was determined by the portion of the overlapped surface and by the number of electrons of nitrogen
atoms in the antitumor drugs molecules. The active structures should have highest values of the latter
descriptor (0.90 + 3.11), while the inactive structures have lower values of the descriptor (0.27 =+ 1.67).
The recognition quality of active structures is 62 % (Fig. 4).

Condition
1) 0.90 = 3.11
active 2)0.27 +1.67 inactive
\ 4 \ 4
12 active structures 5 active structures
44 inactive structures 54 inactive structures

Fig. 4. Decision tree for antitumor DNA/RNA-antimetabolites
(Condition — portion of the overlapped surface
and by the number of electrons of nitrogen atoms in the antitumor drugs)

The important descriptor for these structures are a portion of the non-overlapped outer-shell elec-
trons and a portion of non-overlapped volumes of sulfur atoms. The active structures should have the
non-overlapped outer-shell electrons in the range 0.22 + 0.30, while for inactive structures the descriptor
have lower values (0.20 + 0.22). The values of non-overlapped volumes of sulfur atoms for active struc-
tures ranging from 0.007 to 0.087 and for inactive structures, it is in the interval 0.0025 + 0.0055. The
recognition quality is 76 % (Fig. 5).

Increase of value of non-overlapped electrons and of non-overlapped volume of sulfur atoms leads
to increase of nucleophilic properties of the molecules that defines selective effect of drugs. At the same
time, it provides the formation of intermolecular interactions in the “receptor — ligand” complexes and
the further reaction between a drug and the DNA of tumor cells.
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Condition
1)0.22+0.27
active 2)0.20+0.23 inactive
11 active structures 5 active structures

39 inactive structures 60 inactive structures

Condition 1 Condition 2
1) 0.007 + 0.087 1)0.22+0.30
aCtiVe 2) 00025 - 00055 inaCtiVe aCtiVe 2) 0.20+0.22 inactive
v A 4 \ 4
6 active 5 active 3 active 2 active
structures structures structures structures
3 inactive 36 inactive 4 inactive 56 inactive
structures structures structures structures

Fig. 5. Decision tree for anticancer drugs of the DNA-antimetabolites
(Condition, Condition 2 — portion of the non-overlapped outer-shell electrons,
Condition 1 — portion of non-overlapped volumes of sulfur atoms)

Increase of value of non-overlapped electrons and of non-overlapped volume of sulfur atoms leads
to increase of nucleophilic properties of the molecules that defines selective effect of drugs. At the same
time, it provides the formation of intermolecular interactions in the “receptor — ligand” complexes and
the further reaction between a drug and the DNA of tumor cells.

Analysis of results for the antimitotic drugs showed, that a major factor determining the mechanism
of action is the energy of intramolecular van der Waals interactions. The active structures should have
the lower descriptor values (—279.26 + —87.72), while inactive structures possess highest values of the
descriptor (—97.16 + 25.38). The recognition quality for the decision tree is 69 % (Fig. 6). Active struc-
tures should have large number of substituents that can form intramolecular interactions, leading to sta-
bilization of the system and decrease its energy.

Condition
1)5.72 +13.30
active 2)0.45+6.77 inactive
y A4
14 active structures 9 active structures
13 inactive structures 79 inactive structures

Fig. 6. Decision tree for antimitotic drugs
(Condition — energy of intramolecular van der Waals interactions)

Conclusion

Thus, the decision trees creation has been performed for antitumor drugs possessing the alkylating
mechanism of action, topoisomerase [ inhibitors, topoisomerase II inhibitors, DNA/RNA-
antimetabolites, DNA-antimetabolites and antimitotic drugs. A set of descriptors for each mechanism of
drugs action have been determined. Descriptor values for active and inactive structures have been estab-
lished. The suggested decision trees can be used to for determination of mechanism of antitumor agents
action.
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KNACCUDULIMPYIOLLEEE MPABUNO ANA NMPOrHO3A
MEXAHU3MA OENCTBUA NMPOTUBOOIYXOJIEBbIX CPEACTB

H.H. MNManbko, B.A lNomémkuH, M.A. puwiuHa
FOxHO-Ypanbckuli 2ocydapcmeeHHbIlU yHusepcumem, 2. YenssbuHck, Poccus

ITpoBenena xkiaccuuKanys Mo MEXaHU3MY JEHCTBHS IMPOTHUBOOITYXOJIEBBIX COCIMHEHUH C
MCIOJIb30BaHUEM KOJIMYECTBEHHBIX EeCKpUNTOpOB. PaccMoTpeno 115 coenunenuii ¢ nu3BecTHOM
AKTUBHOCTBIO U MEXaHM3MOM JeHCTBUs: 30 CTPYKTYp aJKWIHPYIOIIETro AEHUCTBUs, 23 coenuHe-
HUS — WHTHOUTOpPH TOomom3oMepasbl [, 16 cTpykTyp — HMHTHOUTOpPHI Tomom3oMepasbl I,
17 coenuuernit — anTEMetabomutel JHK/PHK (uHrHOUTOpHl murmapodoiaTpemryKTassl),
16 monexyn — antumerabonutsl JHK, 13 coennnennii — aHTuMUTOTHKH. CTPYKTYpBI OBIIH B3sI-
Tl U3 0a3el maHHBIX HammonansHOro MHcTHTyTa Paka (CIA). C ncnosip30BaHHEM AECKPHUIITO-
POB, paccuMTaHHBIX B pamkax wmozead MERA, moctpoeHo KiacCHUIMPYIOIICE MPaBUIO
JUIS IPOTHO3a MEXaHMW3Ma JeHCTBUS MPOTHBOOITYXOJIEBBIX JIEKAPCTBEHHBIX cpeAcTB. Ompenerne-
HBI BYKHBIE KBAHTOBO-XUMHWYECKHE IECKPUIITOPHI IS CTPYKTYP aJKWIMPYIOLIETOo eHCTBYSA, aH-
tumeraboutoB JJHK/PHK u antumerabonutror JTHK. VcraHOBICHB KBAaHTOBO-XHMHUYECCKHE W
TEOMETPUYECKUE ICCKPUITOPHI A MHTHOUTOPOB Tomon3oMmepassl I u reomerpruyeckne Ieck-
PpHUNTOPHI JUII HHTHOUTOPOB ToronzoMepasbl [. OmnpeneneH BayKHBIM YHEPreTUUECKUH JECKPHII-
TOp U1l aHTUMHUTOTHKOB. Y CTaHOBJIEHB! 3HAYCHUS JECKPHUIITOPOB ISl aKTHBHBIX W HEAKTHBHBIX
CTPYKTYp KaXIIOTO MexaHu3Ma JiercTBus. OmpeneneHo KauyecTBO Paclio3HABAHMS KIACCH(UIN-
PYIOIIEro MpaBmiia JjIsi BCEX pacCMaTPHBAEMbBIX MEXAHU3MOB JICHCTBUS JIEKAPCTBCHHBIX CPE/ICTB.
MakcnumanbHOe 3HaUE€HHE KadeCTBa PACHO3HABAHUS aKTHBHBIX W HEAKTHUBHBIX COCIUHEHHH Ha-
Oyro1at0TCA Yy MIHTHOUTOPOB Tomon3oMepasbl [I. MuHUManpHOE 3HAYeHHE KauecTBa paclo3HaBa-
HUS aKTHBHBIX W HEAaKTHBHBIX COCIAMHCHHMU HaOromarorcs y antumerabonuroB JHK/PHK.
[peanaraemple knaccu(UIMPYIONIME MIPAaBUIIa MOTYT MCIIOJIBb30BAThCS JJISI ONPEACICHHS MeXa-
HU3Ma JeICTBYSI IPOTUBOOILYXOJIEBBIX COCTUHEHUM.

Kniouegvie cnosa: npomusoonyxonegvie cpeocmed, MeXanusm Oeucmeus, CmpyKmypHble
3D oeckpunmopwi, Kiaccuguyupyroujee npaguio.
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