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Abstract One of the applications of nanotechnology is use of carbon nanotubes
for the targeted delivery of drug molecules. To demonstrate the physical and
chemical properties of biomolecules and identify new material of drug properties,
the interaction of carbon nanotubes (CNTs) with biomolecules is a subject of many
investigations. CNTs is a synthetic compound with extraordinary mechanical,
thermal, electrical, optical, and chemical properties widely applied for technological
purposes. In this article we have tried to investigate thermodynamic parameters and
dielectric effects in different solvents for one of the most famous anticancer drug
“cisplatin” combined to SWCNT, by Monte Carlo and density functional theory
(DFT) calculations. Cause of platinum element in cisplatin we have done calcula-
tions as Gibbs free energy, thermal enthalpy, thermal energy and entropy at
6-31G** basis set with SCRF model of solvent. In this work, the major point has
been embedded that results of both two methods of Monte Carlo and DFT can
overlap with each other and cisplatin- SWCNT is a suitable compound for drug
delivery in different media.

Keywords Cisplatin-SWNT - Solvent effect - Monte Carlo - DFT -
Thermodynamics properties - Drug delivery

Introduction

Recently, the majority of the investigation computational chemistry is focused on
the examination of molecules submerged in various solvents and the interaction of
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anticancer drug with carbon nanotubes (CNTs) as well. The most tendency is toward
the interaction between anticancer drug and single-walled carbon nanotubes
(SWCNTs).Cis-diamminedichloroplatinum(II) (cisplatin) is a chemotherapy drug
and it is used to treat some various types of cancers. These platinum complexes
react in vivo, binding to and causing crosslinking of DNA, which ultimately triggers
apoptosis.

The compound cis-PtCl,(NHj3), was first described by M. Peyrone in 1844, and
known for a long time as Peyrone’s salt [1]. The structure was deduced by Alfred
Werner in 1893 [2]. In 1965, Rosenberg et al. discovered that electrolysis of
platinum electrodes generated a soluble platinum complex which inhibited binary
fission in Escherichia coli (E. coli) bacteria. Although bacterial cell growth was
uninhibited, cell division was arrested, the bacteria growing as filaments up to 300
times their normal length [3]. The octahedral Pt(IV) complex cis PtCl4(NH3), was
found to effective at forcing filamentous growth of E. coli cells. The square planar
Pt(II) complex, cis PtCl,(NH;3), turned out to be even more effective at forcing
filamentous growth [4, 5].This finding led to the finding that cis PtCl,(NH3), was
indeed highly effective at regressing the mass of sarcomas in rats [6].Confirmation
of this finding, and extension of testing to other tumour cell lines launched the
medicinal applications of cisplatin.

By trying cisplatin to contact DNA strand, its structure will be dechlorized
simultaneously. Therefore, platinum of cisplatin add to guanine parts of DNA
(Scheme 1) One of the chloride ligands is slowly displaced by water, in a process
termed aquation. The aqua ligand in the resulting [PtCI(H,O)(NH3),]|" is itself
easily displaced, allowing the platinum atom to bind to bases. Of the bases on DNA,
guanine is preferred. Subsequent to formation of [PtCl(guanine-DNA)(NH;),]",
crosslinking can occur via displacement of the other chloride ligand, typically by
another guanine [2]. Cisplatin crosslinks DNA in several different ways, interfering
with cell division by mitosis. The damaged DNA elicits DNA repair mechanisms,
which in turn activate apoptosis when repair proves impossible. Recently it was
shown that the apoptosis induced by cisplatin on human colon cancer cells depends
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Scheme 1 Platinum of cisplatin add to guanine parts of DNA
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on the mitochondrial serine-protease Omi/Htra2 [7]. Since this was only demon-
strated for colon carcinoma cells, it remains an open question if the Omi/Htra2
protein participates in the cisplatin-induced apoptosis in carcinomas from other
tissues. Most notable among the changes in DNA are the 1,2-intrastrand cross-links
with purine bases. These include 1,2-intrastrand d(GpG) adducts which form nearly
90% of the adducts and the less common 1,2-intrastrand d(ApG) adducts. 1,3-
intrastrand d(GpXpG) adducts occur but are readily excised by the nucleotide
excision repair (NER). Other adducts include inter-strand crosslinks and nonfunc-
tional adducts that have been postulated to contribute to cisplatin’s activity.
Interaction with cellular proteins, particularly HMG domain proteins, has also been
advanced as a mechanism of interfering with mitosis, although this is probably not
its primary method of action. Note that although cisplatin is frequently designated as
an alkylating agent, it has no alkyl group and so cannot carry out alkylating
reactions. It is correctly classified as alkylating-like.

Carbon nanotubes (SWNTs) are very prevalent in today’s world of medical
research and are being highly researched in the fields of efficient drug delivery and
biosensing methods for disease treatment and health monitoring. The use of SWNTs
in drug delivery and biosensing technology has the potential to revolutionalize
medicine. Functionalization of SWNTs has proven to enhance solubility and allow
for efficient tumor targeting/drug delivery.

SWNTs have several unique chemical, size, optical, electrical and structural
properties that make them attractive as drug delivery and biosensing platforms for
the treatment of various diseases [8, 9] and the noninvasive monitoring of blood
levels and other chemical properties of the human body, respectively [10]. SWNTs
are considered to be ideal candidates due to their remarkable structure-dependent
properties, including high tensile strength and surface area, together with their high
electric and thermal conductivity, and their high stability in suspension when they
are properly functionalized [11, 12].

SWNTs can be bind to the polymers and biological system such as DNA,
carbohydrates and drugs [13]. Recently literatures have shown that anticancer drugs
binds to SWNTs with covalent and non-covalent conjugations [14—16], but the
details of these interactions have yet many questions.

In this article, the Cisplatin interaction with open-end of SWCNT and water
effects on this intersection have been investigated in drug delivery.

This study has been carried out using quantum mechanics (QM) method to
increase the practical application of cisplatin-SWCNT system. We believe that this
investigation could be used in nanotechnology as well as other drug delivery.

Theoretical Background and Computational Methods
Monte Carlo Simulation
The Monte Carlo (MC) method samples phase space by generating random

configurations from a Boltzmann distribution at a given temperature. Averages
computed from a properly equilibrated MC simulation corresponding to
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thermodynamic ensemble averages. Thus, the MC method can be used to find
average energies and equilibrium structural properties of complex interacting
systems [17].

For some systems, this method provides a more direct route to equilibrium
structural and thermodynamic properties and an alternate approach to the generation
of stable conformations [18, 19].

In principle, one could define the time scale of MC dynamics based on the
frequency of local conformational jumps.

In this study the accuracy of MC algorithm is determined by random
displacement on cisplatin-SWNT model in mixed solvents (dielectric constant = 1,
32.63, 36.42808, 40.27192, 44.07, 47.86808, 51.71192, 59.30808, 63.15192, 66.95,
70.74808, 74.59192, 78.39) using by Hyperchem-7 program package [20].

The effect of temperature in MC simulations is primarily to modulate the strength
of intermolecular interactions, since temperature enters the simulation only through
the Boltzmann factor (exp(-AE/xT)). Therefore, in MC method, computation of
energy was sufficient to simulate the structure of cisplatin- SWCNT at 298, 300,
305, 310 and 315 K temperatures.

DFT Method

In this investigation density functional theory (DFT) method on cisplatin-SWCNT
implemented in Gaussian 03 [21] for the vacuum and different solvents (water,
dimethylsulfoxide(DMSO), nitro methane, acetonitrile, dichloroethane, dichloro-
methane, tetrahydrofuran(THF), aniline, chlorobenzene, chloroform, diethyl ether,
toluene, benzene, carbon tetrachloride, cyclohexane and heptane) which provided
logical accuracy and are particularly suitable for the study of defects in a wide range
of materials [22]. DFT is based on a theorem due to Hohenberg and Kohn, which
states that all ground state properties are functions of the total electronic charge
density p(r) [23, 24].

There are several different DFT functional, available differing primarily in the
choice of the basis functions, in which, the electronic wave functions are expanded
and the scheme of integration [23].In this work DFT with B3LYP keyword have
been employed for calculations using 6-31G** basis sets. BALYP corresponds to the
approximation method that makes use of Beck-Style parameters density functional
theory [25] with the Lee—Yang—Parr correlation functional [26].

To account for the solvent effects, the self-consistent reaction field (SCRF)
method is most commonly used for different systems [27].Hence, SCRF based on
Onsager model used to include the effects of the solvents on DNA-cisplatin
interaction with open-end of SWCNT in drug delivery.

In Onsager model, solute whose charge distribution is represented by a simple
dipole, that is embedded in a typically spherical cavity and interacts with the
solvent. The energy of these interactions E;,, that is equal to the difference between
its solvated and isolated energies [28] is given by:

Eint = Esolvalion - Eisolatestate- (1)
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Therefore, for electroneutral dipolar solute molecules the electronic Schrodinger
equation could be solved using the self-consistent field method as follows:

(HO + V)lP = Esolvationq" (2)

where H,, is the total electronic Hamiltonian for the isolated molecule, ¥ denotes
the electronic wave function [28], and V is the reaction field potential [28] that given
by:

. 2(e—1) .

V= o l)agwlu\w (3)
where [t denotes the dipole moment operator and ¢|ft|¢ indicates the expectation
value of total dipole moment of the solute molecule [29], ¢ is the solvent static
dielectric constant and a is cavity radius [30].

In Onsager calculation additional specific parameters including: cavity radius and
number of points per sphere are necessary. In the Onsager calculations the cavity
radius derived from molecular volume calculations [28].

In this article, the interaction energy, total dipole moment and thermodynamic
properties of DNA-cisplatin interaction binded to open-end of SWCNT in water,
dimethylsulfoxide(DMSO), nitromethane, acetonitrile, dichloroethane, dichloro-
methane, tetrahydrofuran(THF), aniline, chlorobenzene, chloroform, diethylether,
toluene, benzene, carbon tetrachloride, cyclohexane, heptane, vacuum have been
explored with B3LYP method using 6-31G** basis set.

Results and Discussion
MC Study

The combination of CNTs with biologically important structures, such as DNA or
polypeptides, is particularly intriguing since it opens the door to novel biotechnol-
ogy and nanotechnology applications [31]. SWNTs have been considered as the
leading candidate for nanodevice applications because of their one-dimensional
electronic band structure, molecular size, biocompatibility and controllable property
of electrical conductivity and reversible response to biochemical reagents [32].
Therefore, the interaction of biomolecules with SWNTs has generated a great deal
of interest in the past few years [33]. SWNTs can be bind to the polymers and
biological system such as DNA and carbohydrates [13].

Understanding of different molecular processes in chemistry and biochemistry is
possible by the interaction between the solute and the solvent molecules. The
structure of CNT is in the form of a hexagonal mesh which is similar to a graphite
sheet and it bears a carbon atom accommodated in the vertex of each mesh. The
sheet is rolled and its two edges are joined continuously. Combination of cisplatin
drug and single-walled carbon nanotube has been modeled for drug delivery
(Fig. 1). Therefore, in this article, thermodynamic values on interaction of cisplatin
with SWCNT have been investigated in different dielectric constants. First, we
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(a) Carbon nanotube cisplatin-SWCNT

(b) cisplatin-SWCNT in water

Fig. 1 Combination of cisplatin anticancer drug and open-end of carbon nanotube in vacuum and water

exercised different force fields to determine energy and other kinds of thermody-
namic parameters on interaction of cisplatin with SWCNT.

In this study MC calculations on cisplatin added to guanine parts of DNA
combined to SWNT (cisplatin-SWNT) for investigation of dielectric effects at
different media such as water, dimethylsulfoxide(DMSO), nitro methane, acetoni-
trile, dichloroethane, dichloromethane, tetrahydrofuran(THF), aniline, chloroben-
zene, chloroform, diethyl ether, toluene, benzene, carbon tetrachloride,
cyclohexane, heptane, vacuum have carried out at 298 K up to 315 K span (Fig. 1).

MC method is one of the most broadly and commonly used numerical technique, with
application in statistical physics, quantum mechanics, field theory, and others (17).
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When we changed media namely pure methanol (dielectric constant = 32.63)
to different proportional mixture of “methanol + water” and also pure water
solvent (dielectric constant = 78.39), energy predictable decreasing of cisplatin-
SWCNT has been appeared because by increasing dielectric constant, energy will
decrease too and therefore we had the most stable situation for (cisplatin-SWCNT)
at pure water medium (as shown in Fig. 2). At vacuum phase calculations
(dielectric constant = 1) we had a jump at energy parameter. It means that our
structure experienced the most unstable status. Also we have specified potential
energy and correlation coefficient for all 14 dielectric constants in which cisplatin-
SWCNT was solved at those media that listed in Tables 1 and 2 at 298, 300, 302,
305 and 310 K and it has been plotted the potential energy in MC method at
300 K.

By values of potential energy (kcal/mol) and time (ps) for superlative correlation
coefficient at all media mentioned above, we realize that potential energies have a
considerable and the same changes between 0 and 15 ps and also after 25 ps these
changes have smooth gradient approximately.

Consequently the best correlation coefficient for most of solvents were carried
out at 302 K up to 310 K namely the best correlation coefficient will appear at near
natural human temperature. Complete elaboration is reported in Tables 1, 2 and
Fig. 2.

Also, we have seen that with increasing of dielectric constant in different
media, the complex system (cisplatin-SWCNT) has become more stable
(Fig. 2).

As a result, the most stable situation was relating to cisplatin-SWNT interaction
with pure water solvent. According to last part, we expect that pure water is a best
solvent for this model in drug delivery.
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Fig. 2 Survey of correlation coefficient of cisplatin-SWCNT stability in 14 different media at 298, 300,
302 and 305 K, also plotted potential energy calculated at 300 K calculated by Monte Carlo simulation
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Table 1 Calculated energy of

interaction between cisplatin

and different solvent mixture at
MonteCarlo simulation method

Solvent Dielectric Energy (kcal/mol)
Vacuum 1 197.7529
0 H,O + 48 CH;0H 32.63 119.7886
4 H,0 + 44 CH;0H 36.42808 97.092

8 H>O + 40 CH;0H 40.27192 94.70019
12 H,O + 36 CH3;0H 44.07 88.79381
16 H>O + 32 CH3;0H 47.86808 87.14091
20 H,O + 28 CH30H 51.71192 82.43871
24 H,0 + 24 CH;0H 55.51 78.15797
28 H,0O + 20 CH3;0H 59.30808 79.26945
32 H,O + 16 CH3;0H 63.15192 71.46365
36 H,O + 12 CH;0H 66.95 68.03434
40 H,O + 8 CH;0H 70.74808 64.58663
44 H,0 + 4 CH;0H 74.59192 59.66952
48 H,O0 + 0 CH;0H 78.39 53.65376

Table 2 Investigation of correlation coefficient (R?) as parameter of changes potential energy on cis-
platin-SWNT in different solvent mixtures at Monte Carlo simulation at 298, 300, 302, 305 and 310 K

T (K)
298 300 302 305 310
Dielectric constant

1 0.7759 0.7918 0.7924 0.7448 0.7326
32.63 0.9009 0.9032 0.8543 0.4502 0.56
36.42808 0.8748 0.8367 0.8352 0.838 0.8687
40.27192 0.8224 0.8316 0.8531 0.8716 0.8462
44.07 0.8201 0.8209 0.8377 0.8473 0.794
47.86808 0.8513 0.8433 0.819 0.8675 0.8545
51.71192 0.8609 0.8424 0.8473 0.8135 0.8667
55.51 0.8308 0.8203 0.8287 0.8245 0.8236
59.30808 0.8148 0.8106 0.8115 0.8176 0.8218
63.15192 0.8581 0.8637 0.8418 0.8626 0.8517
66.95 0.8124 0.8156 0.8124 0.8193 0.8199
70.74808 0.837 0.8389 0.844 0.842 0.8424
74.59192 0.8502 0.8505 0.8411 0.845 0.8482
78.39 0.8641 0.8643 0.8528 0.8748 0.8735

Ab Initio Study

The Gibbs free energies, thermal enthalpies, thermal energies and entropies
calculated in different temperatures (298, 300, 305 and 310 K) at BALYP/6-31G**
level of method in vacuum and also some solvents that are listed in Table 3.
According to values carried out, entropy has a low quantity and against the enthalpy
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Table 3 The calculated thermo chemistry quantities in vacuum and some solvents listed below in

different temperatures (T = 298, 300, 305 and 310 K) at HF/STO-3G level of theory

Solvent Temperature (K):
298 300 305 310
A
Water —904721.0185 —904721.2821 —904721.9999 —904722.7253

Dimethylsulfoxide(DMSO)
Nitro methane
Acetonitrile

Methanol

Ethanol

Acetone
Dichloroethane
Dichloromethane
Tetrahydrofuran(THF)
Aniline
Chlorobenzene
Chloroform
Diethylether

Toluene

Benzene
Carbontetrachloride
Cyclohexane

Heptane

Vacuum

Water
Dimethylsulfoxide(DMSO)
Nitro methane
Acetonitrile

Methanol

Ethanol

Acetone
Dichloroethane
Dichloromethane
Tetrahydrofuran(THF)
Aniline
Chlorobenzene
Chloroform
Diethylether

Toluene

Benzene
Carbontetrachloride
Cyclohexane

Heptane

Vacuum

—904720.9777
—904720.9558
—904720.9508
—904720.9357
—904720.8899
—904720.856

—904720.6521
—904720.5899
—904720.5115
—904720.4613
—904720.3415
—904720.2498
—904720.1601
—904719.6129
—904719.5514
—904719.542

—904719.4341
—904719.3745
—904718.5506

—904678.5568
—904678.5172
—904678.4959
—904678.4909
—904678.4758
—904678.4319
—904678.3986
—904678.2003
—904678.1395
—904678.0642
—904678.0152
—904677.8985
—904677.8094
—904677.7222
—904677.1901
—904677.1304
—904677.1217
—904677.0169
—904676.9585
—904676.1597

—904721.2419
—904721.22
—904721.2149
—904721.1992
—904721.1541
—904721.1202
—904720.9156
—904720.8535
—904720.7757
—904720.7255
—904720.605
—904720.5134
—904720.4243
—904719.8765
—904719.815
—904719.8056
—904719.6983
—904719.638
—904718.8141

—904678.4062
—904678.3666
—904678.3453
—904678.3403
—904678.3258
—904678.2813
—904678.2487
—904678.0497
—904677.9895
—904677.9136
—904677.8646
—904677.7479
—904677.6588
—904677.5722
—904677.0401
—904676.9805
—904676.9711
—904676.8669
—904676.8085
—904676.0097

—904721.9598
—904721.9378
—904721.9328
—904721.9171
—904721.8719
—904721.838

—904721.6335
—904721.5714
—904721.4935
—904721.4433
—904721.3229
—904721.2312
—904721.1415
—904720.5937
—904720.5322
—904720.5228
—904720.4155
—904720.3553
—904719.5313

—904677.9958
—904677.9569
—904677.9349
—904677.9305
—904677.9155
—904677.8709
—904677.8383
—904677.6394
—904677.5791
—904677.5032
—904677.4549
—904677.3382
—904677.249
—904677.1618
—904676.6303
—904676.5707
—904676.5613
—904676.4571
—904676.3988
—904675.6

—904722.6845
—904722.6626
—904722.6576
—904722.6419
—904722.5967
—904722.5628
—904722.3582
—904722.2961
—904722.2177
—904722.1675
—904722.0476
—904721.9554
—904721.8663
—904721.3178
—904721.2563
—904721.2469
—904721.139

—904721.0794
—904720.2549

—904677.5797
—904677.5402
—904677.5189
—904677.5139
—904677.4994
—904677.4549
—904677.4222
—904677.2233
—904677.1631
—904677.0872
—904677.0388
—904676.9221
—904676.833

—904676.7458
—904676.2143
—904676.1547
—904676.1459
—904676.0411
—904675.9827
—904675.1846
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Table 3 continued

Solvent Temperature (K):
298 300 305 310

C
Water —904679.1491 —904679.0023 —904678.6019 —904678.1959
Dimethylsulfoxide(DMSO) —904679.1096 —904678.9634 —904678.5624 —904678.1564
Nitro METHANE —904679.0883 —904678.9414 —904678.5411 —904678.1351
Acetonitrile —904679.0832 —904678.937 —904678.5361 —904678.1301
Methanol —904679.0682 —904678.922 —904678.5216 —904678.115
Ethanol —904679.0242 —904678.8774 —904678.4771 —904678.0711
Acetone —904678.9916 —904678.8448 —904678.4444 —904678.0384
Dichloroethane —904678.7927 —904678.6459 —904678.2455 —904677.8395
Dichloromethane —904678.7318 —904678.5856 —904678.1853 —904677.7793
Tetrahydrofuran(THF) —904678.6565 —904678.5097 —904678.1094 —904677.7034
Aniline —904678.6076 —904678.4608 —904678.0604 —904677.6544
Chlorobenzene —904678.4909 —904678.344 —904677.9437 —904677.5377
Chloroform —904678.4018 —904678.2549 —904677.8546 —904677.4486
Diethylether —904678.3145 —904678.1683 —904677.768 —904677.362
Toluene —904677.7824 —904677.6362 —904677.2359 —904676.8305
Benzene —904677.7228 —904677.5766 —904677.1763 —904676.7709
Carbontetrachloride —904677.714 —904677.5672 —904677.1675 —904676.7615
Cyclohexane —904677.6092 —904677.463 —904677.0633 —904676.6573
Heptane —904677.5509 —904677.4047 —904677.0049 —904676.599
Vacuum —904676.7521 —904676.6059 —904676.2061 —904675.8008

D
Water 0.142419 0.142922 0.144279 0.145632
Dimethylsulfoxide(DMSO) 0.142416 0.142918 0.144275 0.145628
Nitro METHANE 0.142414 0.142916 0.144273 0.145626
Acetonitrile 0.142413 0.142916 0.144272 0.145626
Methanol 0.142412 0.142914 0.144271 0.145624
Ethanol 0.142408 0.14291 0.144267 0.14562
Acetone 0.142405 0.142907 0.144264 0.145617
Dichloroethane 0.142386 0.142888 0.144244 0.145598
Dichloromethane 0.14238 0.142883 0.144239 0.145592
Tetrahydrofuran(THF) 0.142373 0.142875 0.144231 0.145584
Aniline 0.142368 0.142871 0.144227 0.145579
Chlorobenzene 0.142357 0.142859 0.144215 0.145568
Chloroform 0.142348 0.142851 0.144207 0.145559
Diethylether 0.14234 0.142842 0.144198 0.145551
Toluene 0.142288 0.14279 0.144145 0.145497
Benzene 0.142282 0.142784 0.144139 0.145491
Carbontetrachloride 0.142281 0.142783 0.144138 0.14549
Cyclohexane 0.142271 0.142773 0.144127 0.145479
Heptane 0.142265 0.142767 0.144122 0.145473
Vacuum 0.142182 0.142684 0.144038 0.145389

A Gibbs free energy (kcal/mol), B Thermal enthalpy (kcal/mol), C Thermal energy (kcal/mol), D Entropy (kcal/K mol)

@ Springer



Molecular Modeling Study of Drug-DNA 269

cannot have a significant role on free energy Gibbs. Therefore, enthalpy terms have
the significant role in (cisplatin-SWCNT) reactions.

By increasing temperature from 298 to 310 K, Gibbs free energy at all solvents has
been decreased. Indeed interaction between cisplatin-SWCNT and all solvents at high
temperature are higher (as shown in Table 3a; Fig. 3). As we expected by increasing
temperature entropy changes is increasing too (as shown in Table 2d). Besides them,
by arranging solvents from vacuum (¢ = 1) toward water (¢ = 78.39) listed in Table 3
for Gibbs free energy in different temperatures (7' = 298, 300, 305 and 310 K) and
optimized energy in Table 4, we have notified that the interaction of cisplatin-SWCNT
complex with water solvent is the most stable compound (shown in Fig. 4). The same
explanation could be taken for enthalpy and energy too (Table 4b, c).
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Fig. 3 Gibbs free energy and entropy versus dielectric constant calculated at B3ALYP/6-31G** level of
theory at temperature span for cisplatin-SWCNT
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Table 4 Interaction between

cisplatin-SWCNT and different Media Dle]‘ictrtlc Dipole ‘ Optimized
solvent carried out at DFT/6- constan n]))or;len e]? erlg/y |
31G** level of method (Debye)  (keal/mol)
Water 78.39 8.3814  —904895.719
Dimethylsulfoxide(DMSO) 46.7 8.3535 —904895.6834
Nitro methane 38.2 8.3382 —904895.664
Acetonitrile 36.64 8.3347 —904895.6594
Methanol 32.63 8.3241 —904895.6459
Ethanol 24.55 8.2926  —904895.6057
Acetone 20.7 8.2692  —904895.5759
Dichloroethane 10.36 8.1273 —904895.3953
Dichloromethane 8.93 8.0841 —904895.3404
Tetrahydrofuran(THF) 7.58 8.0299  —904895.2715
Aniline 6.89 7.9949  —904895.2271
Chlorobenzene 5.621 7911 —904895.1209
Chloroform 4.9 7.847 —904895.0399
Diethylether 4.335 7.7844  —904894.9608
Toluene 2.379 7.3995 —904894.4763
Benzene 2.247 7.3561 —904894.422
Carbontetrachloride 2.228 7.3496  —904894.4138
Cyclohexane 2.023 7.2735 —904894.3185
Heptane 1.92 7.231 —904894.2654
DNA part dechlorized cisplatin Vacuum 1 66446 —904893.5365
part
-904893 T T T r
i 20 40 80 80 100
10 4
-904893.5 4
8 (——W—M—O——‘
§ 4.
Eﬁ -904894 4 E =
T 5 9048945 - s & 24
© =%
N O g
g e e o . .
b -904895 - 0 0 100
O Dielectric constant
-904895.5
-904896

Dielectric constant

Fig. 4 Changes of optimized energy and dipole moment versus dielectric constant at B3LYP/6-31G**

level of theory
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The lack of experimental demonstration and its importance in theoretical
simulations was a motivation for us to investigate dipole moments from a
theoretical point of view. Dipole moment is a parameter that demonstrated charge
distribution in all atoms of a system so we attended that by increasing dielectric
constant of the solvent (from dielectric constant 1.92 by Heptane toward water with
dielectric constant 78.39) and increasing polarizability, dipole moment has follow
ascendant approach (Table 4) and caused of high interaction between polarized
solvent and anticancer drug, the most permanent situation will appear at high
dielectric constant and the dipole moment converged under different conditions
(Fig. 4).

In addition, the orientation of molecules of water on the surfaces of cisplatin-
SWCNT can influence the orientation of dipole moment. The reason is that a dipole
in the molecule will induce a dipole in the medium, and the electric field applied by
the solvent dipole will in turn interact with the molecular dipole leading to net
stabilization.

Thus, the results achieved within the Onsager self—consistent reaction field
(SCRF) model seemed quite sensitive to the polarity of the encircling solvent. Also,
we can say that, by increase of molecule dipole moment, the interaction between
molecules of solvent and solute will be increased.

Therefore, it could be realized that our observed dipole moment has been
directed linearly with increasing of dielectric constant and this observation
supported the stability of (cisplatin-SWCNT) at various media.

Conclusion

In the treatment of cancer patients, a perception of the pathophysiology of cancer
and contact of anticancer drugs has the main role.

In this research, we have studied the effects of various solvents and temperatures
on interaction of anticancer drug, cisplatin, with SWCNT as model for drug
delivery.

Monte Carlo Calculation

By increasing dielectric, system (cisplatin and mediums) will be more stable.
We have superlative correlation coefficient in water 302 K up to 310 K that is
near human body temperature. The lowest potential energy is related to pure water.

AD Initio Calculation

By decreasing Gibbs free energy we will see increasing of entropy and we have
exothermic reaction between cisplatin-SWCNT and media. More stable situation of
cisplatin-SWCNT happened at high temperature (310 K) and water solvent
(dielectric constant = 78.39).By increasing dielectric constant of solvents, system
has been polarized more and we had more stable situation.
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