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Based on the quantum-chemical method of molecular orbitals, implement-
ed in the Gaussian 09w software package, a method of modelling nano-
complexes for creation of antitumour and anti-inflammatory medicines is
developed. The object of study is a complex of C4, fullerene and anti-
tumour agent 1-(4-Cl-benzyl)-3-C1-4-(CF;-phenylamino)-1H-pyrrole-2,5-
dione (abbreviated as MI-1). Each detached part, C¢, and MI-1, has a ther-
apeutic effect. The main antitumour and anti-inflammatory action relies
on MI-1 compound. It is found that the nanocomplex of C4, fullerene with
MI-1 is stable at human-body temperature. The nanocomplex is able to
serve as a vehicle of medicines to the tumour tissue and dissociate in the
tumour due to its low pH (higher acidity) compared to healthy tissue and
exhibit therapeutic properties of individual components.

Ha ocHOBi KBaHTOBO-XeMiuHOI MeTOAUW MOJIEKYJIAPHUX opbiTajeit, peasizo-
Bamoi B makeri mporpam Gaussian 09w, po3BUHYTO MeTOAYy MOIeJIIOBAHHS
HAHOKOMILJIEKCiB 11 CTBOPEHHA AHTUNYXJWHHUX i MMPOTHM3amaJIbHUX MEIU-
yHux npenapatiB. 00’exToM npocaimxeHHA € KoMmmekc GynepeHa Cg, i
IPOTUNYXJIUHHUHI 3acib 1-(4-C1-6ensuin)-3-C1-4-(CF;-dheninamino)-1H-
miposi-2,5-gion (imma Haszea — MI-1). KosxkHa Bimokpemiena uactuna, Cg, i
cnonyka MI-1, maioTh TepameBTUYHY #Aifo. OCHOBHA HPOTHUNYXJIWHHA Ta
mpoTu3amajbHa Oid MOKJAZAEThbcs Ha cmoayky MI-1. Byao BcTaHoBJEHO,
mo HaHoKoMILIeKc dysiepeHa Cg, 3i cmosykoro MI-1 € crabinbHuUM 3a TeM-
mepaTypu Tija JoanHu. HaHOKOMIIJIEKC 3JaTHUU CIYIyBaTH HOCiEM Jikap-
CBKHUX 3ac00iB [0 YIIKOIKEHOI TKAHWHN Ta AUCOIiI0OBATH B IyXJHHI 3aBAsd-
Ku HudbKkoMy DH (0inbInm BUMCOKi#T KHCJIOTHOCTiI) NMOPIBHAHO 3i 370pOBOIO
TKQHWHOIO, IIPOABJIATYA TEPAIIEBTUYHI BJIACTHUBOCTI OKPEMMUX KOMIIOHEHTIB.
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INTRODUCTION

Chronic inflammation is the basis of many pathologies, including
malignancy genesis. Oxidative stress is one of the basic processes
that underlie numerous inflammatory diseases and neoplasms [1].
Numerous studies have demonstrated the antineoplastic effects of
natural antioxidants (vitamins, minor amino acids, polyunsaturated
fatty acids, plant extracts) in vitro, but the effectiveness of these
agents in in vivo systems is highly doubtful [2]. On the other hand,
compounds of artificial origin, in particular, nanomaterials, have
clearly defined properties and are involved in a limited number of
cellular processes, which leads to their directional effect and more
pronounced therapeutic effect [3]. Biocompatible water-soluble Cg,
fullerenes are able to efficiently capture free radicals and, thus, act
as antioxidants that cause their antitumour and anti-inflammatory
properties [4, 5]. In addition, they are non-toxic in in vitro and in
vivo systems at physiological concentrations [6]. In Refs. [7-9], it
was suggested that C4, fullerene molecules, due to the possibility of
simple chemical manipulations with them, could be used for
transport of biologically active compounds with other nanoparticles.
Complexes of Cg, fullerene with cytostatics have more potent biolog-
ical action than cytostatics themselves, and less overall toxicity
[10]; such structures are stable.

The pyrrole derivative 1-(4-Cl-benzyl)-3-Cl-4-(CF;-fenylamino)-1H-
pyrrol-2,5-dione (MI-1) is a targeted inhibitor of protein kinases
and exhibits antitumour and anti-inflammatory properties [11, 12],
i.e., is a potential therapeutic agent. Therefore, the authors made
the assumption regarding the potential prospect of a Cg, fullerene-
based composition and MI-1 compound for the development of anti-
tumour and anti-inflammatory drugs.

In our work, based on the quantum-chemical method of molecular
orbitals implemented in the Gaussian 09w software package [13], we
developed a method for modelling nanocomplexes based on Cg, full-
erene and pyrrole derivatives on sample 1-(4-Cl-benzyl)-3-Cl-4-(CF,-
fenylamino)-1H-pyrrol-2,5-dione. The calculations are based on den-
sity functional theory modelling of electronic structure of mul-
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tielectron systems.

RESULTS

The structural formula of C4, fullerene with pyrrole derivative MI-1
is shown in Fig., a. The geometrical optimization of clusters was
performed; the energy spectrum of electrons was calculated, and the
binding energy of the cluster was calculated (DFT, STO-3G) [13].
The binding energy of nanocomplex of Cg, fullerene with MI-1 com-
pound is as follows:

Ebind = _3922.26 a.u.

The width of the energy gap (HOMO-LUMO) is determined by
difference between the energy values for the upper unoccupied mo-
lecular orbit (HOMO) and the lower occupied molecular orbit
(LUMO). The energy values given in atomic units for the filled and
unfilled molecular orbitals of nanocomplex are shown in Fig., b.
The width of the HOMO-LUMO energy gap is

AE =0.1867 a.u. ~5.079 eV.
The geometrical optimization of Cg4, fullerene was performed and

the energy spectrum of electrons was calculated. The binding ener-
gy of Cg, is as follows:

0.00986

—{EE—
116 —D— 0.00887

115 —{ | -0.00861
114 —{ | -0.03304
s -0.21970
112 0.31391
111 0.35432
110 -0.35870

Fig. (a) Structural formula of Cg, fullerene with pyrrole derivative MI-1;
(b) energy values for the filled and unfilled molecular orbitals of nanocom-
plex; the energy values are given in atomic units.
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EY

bind

=-2259.03 a.u.

The energy values for filled and unfilled molecular orbitals of Cg,
determined, the width of the HOMO-LUMO energy gap is

AE =0.28288 a.u.~ 7.6974 eV.

The geometrical optimization of MI-1 compound was performed
and the energy spectrum of electrons was calculated. The binding
energy of MI-1 compound is as follows:

E® =-1663.29 a.u.
The energy values for the filled and unfilled molecular orbitals of
MI-1 compound was determined, and the width of the HOMO-
LUMO energy gap is

AE =0.0450 a.u.~1.225 eV.

The dissociation energy of the Cg, fullerene nanocomplex with
MI-1 compound was calculated by the formula

= E _E(l) _ E(2)

bind bind bind *

Edis
From the above results, it follows that the dissociation energy of
the nanocomplex with the separation of Cg, from compound MI-1 is

E4,=-0.00662 a.u. ~—0.18 eV.

DISCUSSION

The average energy of thermal motion per atom at a temperature
T=300K is EkzT=0.026 eV. The results show that modulo
|Eq;| >> EzT. This indicates that the nanocomplex Cg with MI-1 is
stable. Based on the above results, it can be argued when nanocom-
plexes penetrate the tumour tissue through a low pH (higher acidi-
ty) compared to healthy tissue [14]; a significant part of these com-
plexes will dissociate. In the tumour, two independent components
Cso and MI-1 will be act. Nanocomplex is transport means, but each
separated part, fullerene and MI-1 compound, has therapeutic ef-
fect. The main anticancer and anti-inflammatory action relies on
MI-1 compound.

Energy values of the filled and unfilled molecular orbitals and
HOMO-LUMO gap width can be used to determine the degree of
dissociation of the nanocomplex C4, molecule with the MI-1 com-
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pound by comparing experimentally obtained positions of the long-
wave edge of absorption and luminescence of cells with the width of
the gap HOMO-LUMO.
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