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Using the density functional theory to quantum-mechanical calculations in
the Gaussian 09w software package, antitumor drug of target action on the
basis of titanium dioxide and pyrrole derivative 1-(4-Cl-benzyl)-3-Cl-4-(CF-
fenylamino)-1H-pyrrol-2.5-dione (chemical compound MI-1) is simulated. MI-
1 compound has high therapeutic potential as an antitumor agent. Titanium
dioxide is insoluble in the stomach and used as a filler and sheath of medi-
cines. There is reason to use TiO, to transport MI-1 to the site of the affected
tissue for targeted effect on colorectal tumours. Computational tools of the
software package reveal that titanium dioxide TiO, together with MI-1 forms
a stable nanocomplex. Upon penetration into the tumour tissue, due to the low
pH in comparison with healthy tissue, a significant proportion of these nano-
complexes will be dissociate with the separation titanium dioxide and MI-1
compound that will be have a therapeutic effect on damage tissue.

3acTocyBaHHAM Teopii PYHKIIIOHATY I'YCTUHH A0 KBAHTOBO-MEXAaHiUYHUX 00UM-
ciaeHb y makeri mporpaMm Gaussian 09w BIKOHAHO MOAE/JIOBAHHSI HAHOKOMILIe-
KCy aHTUIIYXJUHHOTO IIPenapary TapreTHol Aii Ha OCHOBi JioKcuAy THUTaHY Ta
noxiguoi miposy 1-(4-Cl-6eusmin)-3-Cl-4-(CF;-peninamin)-1H-mipoa-2,5-gion
(xemiuna crioayka MI-1). Crmoryka MI-1 Mae BUCOKUH TepameBTUYHUM ITOTEH-
miAJg AK npoTunyxJumHHui 3aci6. Hiokcun turany TiO, He pPO3UMHAETHCA Y
IIJIYHKY, 3aCTOCOBYETLCS B IKOCTi HAIIOBHIOBAUIB i 000JIOHOK MEIWUYHUX IIpe-
napartiB. € nmigcraBu Bukopucratu TiO, nua tparncmopry MI-1 mo micua ypa-
JKeHOl TKaHWHU IJIA IIiJIhOBOTO BILIMBY Ha KOJOPEKTanbHi myxamuu. Oounc-
JIIOBAJIBHUMHU 3aco0aMU TPOTPAMHOTO ITaKeTy BCTAHOBJIEHO, IO JiOKCUJ TUTA-
ny TiO, pasom 3 MI-1 yTBOpIOE cTabinbHMUIT HAaHOKOMILIEKC. IIpu IpOHUKHEHH]
y TKAHWHY IYXJWHU, 3aBAAKU IMOHM:KeHOoMY PH y mopiBHaHHI 3i 3m0poBOIO
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TKAHMHOIO, 3HAYHA YaCTHHA HAHOKOMILIEKCiB Oy/e AUCOIiloBaTU 3 BiJOKpeM-
JIEHHAM Bif mioKcuay Turtany moximguoi mipoay MI-1, aka i Oyze cupuumHATH
TepaleBTUYHY Mii0 HAa YPasKeHy JiISHKY TKaHUHU.

Key words: modelling of nanocomplexes, quantum-mechanical methods, an-
ticancer and anti-inflammatory agents, titanium dioxide, pyrrole.
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Targeted therapy is an undoubted achievement of medical oncology in
recent years. The use of means of directed action can selectively inhibit
the growth of tumours with minimal damage to healthy body tissues.
The most common targeting agents are antibodies against basic pro-
teins of signalling pathways (usually protein kinases) that are overex-
pressed in a malignant cell, or low molecular weight compounds that
are inhibitors of these proteins [1]. The former are highly specific,
while the latter cover a wider range of targets, are easier to use and less
expensive to manufacture [2]. However, since action of these agents
also have an effect on healthy cells and the use of these antitumor
agents is systemic, the side effects of therapy cannot be avoided, alt-
hough they are certainly weaker and less critical than traditional
chemotherapy [3]. One of the advantages of low molecular weight pro-
tein kinase inhibitors is the possibility of their oral administration.
This method allows targeted delivery of the agent to the tumour in the
digestive tract that reduces the burden of drug loading on other organs
and systems. However, the development of targeted delivery systems
to a specific section of the digestive tube with the possibility of local
and prolonged release of the therapeutic agent is extremely small [4].
The pyrrole derivative 1-(4-Cl-benzyl)-3-Cl-4-(CF;-fenylamino)-1H-
pyrrol-2,5-dione (named MI-1) has a high therapeutic potential for the
correction of colon cancer [5, 6]. Titanium dioxide TiO, in its properties
is insoluble in the stomach that gives grounds for its use for the
transport of therapeutic compounds, in particular, of MI-1 compounds,
to the colon to correct its pathologies, including malignant ones.
Nanoparticles of metals and their oxides smaller than 10 nm in size
are systems with excess energy and high chemical activity. Particles of
about 1 nm with virtually no activation energy enter the aggregation
processes leading to the formation of metal nanoparticles, and in reac-
tions with other chemical compounds, cause the formation of sub-
stances with new properties. The conserved energy of such objects is
noted, first of all, by the uncompensated bonds between surface and
near-surface atoms. The latter can cause new unusual surface phenom-
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ena and reactions.

Among the well-known metal oxide nanoparticles are titanium diox-
ide (chemical formula TiO,) based complexes that can be used to
transport the agent to a particular area of damage. Titanium dioxide is
widely used as a component in the shell of medicines, heterogeneous
catalyst, photocatalyst [7], and is used as a food colouring. It has E
number E171.

At present, many studies are devoted to the study of the effect of
TiO, on human and laboratory animals. Nanoparticles based on titani-
um dioxide are capable of forming agglomerations with proteins,
which also gives grounds to consider it a good candidate for transport
to the affected area [8].

In our work, on the basis of the quantum-chemical method of molec-
ular orbitals, implemented in the Gaussian 09w software package [9], a
method for modelling nanocomplexes for the transport of antitumor
and anti-inflammatory agents is developed. The geometrical optimiza-
tion of clusters was performed and the energy spectrum of electrons
was calculated. The binding energy of the clusters was calculated [9].
The width of the energy gap (HOMO-LUMO) is determined between
the energy values for highest occupied molecular orbital (HOMO) and
the lowest unoccupied molecular orbital (LUMO).

Simulations were performed for nanocomplexes based on anatase,
one of the mineral forms of titanium dioxide. Anatase is a metastable
mineral form at all temperatures and pressures; it is stable near room
temperature. Nevertheless, anatase is often the first titanium dioxide
phase to form in many processes due to its lower surface energy. The
(101) plane of anatase is the most thermodynamically stable surface
and, thus, is the most widely exposed facet in natural and synthetic
anatase[10].

The structural formula of anatase and MI-1 compound are shown in
Fig. 1, a. The energy values are given in atomic units for filled and un-
filled molecular orbitals of nanocomplex are shown in Fig. 1, b. The
width of the HOMO—-LUMO energy gap (Fig. 1, b):

AE =0.00457 a.u. ~0.1243 eV.
The binding energy of nanocomplex TiO, with MI-1:
E,,..=-12549.13 a.u.
The anatase nanocluster, mineral form of titanium dioxide, is shown
in Fig. 2, a. The nanocluster consists of 33 atoms: 11 atoms of titanium

and 22 atoms of oxygen. The width of the HOMO-LUMUO energy gap:

AE =0.05479 a.u. = 1.4903 eV.
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The binding energy of the TiO, nanocluster is equal:

E® =-10864.14a.u.

bind

The structural formula of pyrrole derivative MI-1 is shown in Fig. 2,
b. The width of the HOMO-LUMO energy gap:
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Fig. 1. (a) The structural formula of TiO, (anatase) with 1-(4-Cl-benzyl)-3-Cl-
4-(CF;-fenylamino)-1H-pyrrol-2,5-dione; (b) energy values for filled and un-
filled molecular orbitals of nanocomplex; the energy values are given in atom-
ic units.
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Fig. 2. (a) The structural formula of anatase; (b) the structural formula of 1-
(4-Cl-benzyl)-3-Cl-4-(CF;-fenylamino)-1H-pyrrol-2,5-dione.
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AE =0.0171a.u.~0.4651¢eV.
The binding energy of compound MI-1:

E(2)

bind

=-1681.06 a.u.

The dissociation energy of the anatase nanocomplex TiO, with the
pyrrole derivative MI-1 is calculated by the formula
=K _ E(l) _ E(2)

bind bind bind *

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

E,;,=-3.93a.u.~-106.9eV.

The average energy of thermal motion per atom at a temperature
T=300 K is k3T =0.026 eV, magnitude of the dissociation energy
|E ] >> kpT. This indicates that the nanocomplex is stable. Upon pene-
tration into the tumour tissue, due to the low pH compared to the
healthy tissue [12], it is likely that a significant proportion of these
nanocomplexes will dissociate with the separation of titanium dioxide
TiO, from compound MI-1. In this case, the latter will cause a thera-
peutic effect on the tumour.

The energy values of filled and unfilled molecular orbitals and
HOMO-LUMO slit width can be used to determine the degree of disso-
ciation of titanium dioxide nanocomplex TiO, with compound MI-1 by
comparing experimentally obtained positions of the longwave edge of
absorption and luminescence values HOMO-LUMO.
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