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ABSTRACT

In this work, using quantum mechanics, the interaction of drug 2-methoxyestradiol with y-Fe,O5; nanoparticles have
been studied. Fe,O5; nanoparticles were modeled using Fes(OH)15(H20)s ring clusters. 2-methoxyestradiol molecule
can coordinate to the y-Fe,O; nanoparticles via its own OH groups. All of the calculations have been performed
using a hybrid density functional method (B3LYP) in solution phase. Two possible modes of noncovalent interaction
of 2-methoxyestradiol onto y-Fe,Oznanoparticles were investigated. Quantum molecular descriptors in the drug-
nanoparticle systems were studied. It was found that binding of 2-methoxyestradiol with y-Fe,Osnanoparticles is
thermodynamically favorable. Therefore, y-Fe,Oznanoparticlescanact as a suitable system for drug 2-
methoxyestradiol delivery within biological systems.
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INTRODUCTION

2-methoxyestradiol is an Antiangiogenesis agentclvhinhibits the growth of cancer cells such as demia,
multiple myeloma, cervical, hepatocellular, coldabcgastric, angiosarcoma, pancreatic and neustiiza[1-5].

Regarding the increasing use of nanotechnologyoday's life, understanding of the functional medban of
nanoparticles is of great importance. The rapidetlgyment of nanoscience has opened new ways #&lytiend
prompt diagnosing of diseases and drug deliverg U$e of nanoparticles in drug delivery is a neakdfivhich is
rapidly developing[6-9].

Jayarathne et al. presented a modeliBe,0; nanoparticles on the basis of gf@H),5(H.O)e ring cluster which is
in good consistency with the experimental dataudiclg vibration frequencies and bond lengths[10je Thuge
surface, easy separation and low cost are thensdsaise-Fe,0; nanoparticles as the strong adsorbent materials.

In spite of extensive use of magnetic nanopartidedar, molecular mechanism of adsorption of drngwater by
these nanoparticles has not been investigatechisnwiork, using quantum mechanical methods, thecovalent
adsorption of 2-methoxyestradiol onté-e,0; hanoparticles was studied.

MATERIALSAND METHODS

All of the present calculations have been performitth the B3LYP[11-13] hybrid density functionaJel using
the GAUSSIAN 03 package[14]. The 6-31G (d,p) basits were employed except for Fe where the LANL2DZ
basis set was used with effective core potenti@RJEfunctions.

The solvent has an important role in chemical ieastexplicitly or implicitly[15-19]. The implicieffects of the
solvent was considered by using the polarized nantn model (PCM)[20]. In the PCM method, the molacu
cavity is made up of the union of interlocking atorspheres. All degrees of freedom for all georastnivere
optimized in solution (water).
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RESULTSAND DISSCUSSION

The properties of;-Fe0; nanoparticles were modeled usings(B#),5(H,O)ering clusters of six edge sharing
octahedra joining via 12 OH groups. The 6 watereooles and 6 surface OH groups were expected to &or

network of H-bonded interactions (Fig. 1). The ojtied geometries of 2-methoxyestradiol (MET),
Fe;(OH).5(H,0) or y-Fe,05 nanoparticle (NP) in solution phase are shownign E. 2-methoxyestradiol is a non-
planar molecule with the hydroxyl groups protrudmg of the molecular plane as shown in Fig. 1.
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Fig. 1. Optimized structure of Fes(OH)15(H20)s or y-Fe,03 nanoparticle (NP) and 2-methoxyestradiol (MET)

Two possible modes of noncovalent interaction gh&thoxyestradiol ontg-Fe,0O; nanoparticles were studied.
Figures 2 and 3 present these configurations irutisol phase, namely, NP/MET1 and NP/MET2. 2-

methoxyestradiol may interact withFe,O; nanoparticles through hyroxyl (NP/MET1-2) groupsfarm hydrogen
bonds.

NP/MET1

Fig. 2. Optimized structure of NP/MET1
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NP/MET1

Fig. 3. Optimized structure of NP/MET2

The binding energies (J of 2-methoxyestradiol whif-F&O; nanoparticles are calculated using the following
equation and presented in Table 1:

E, =Enpmer ~(Exp Egen) (1)

Using the calculated binding energies of NP/METR/MET2 in Table 1, these energies are negativeliution
phase indicating 2-methoxyestradiol is stabilizgdyd-e,0; nanoparticlessurface. Among the 2 configurations i
the solution phase, the configuration NP/MET1, ihick the drug interacts with-F&O; nanoparticles through
hyroxyl (NP/MET1) group, is the most stable confafion.

In describing stability and chemical reactivity different systems, quantum molecular descriptorshaaen used

like the chemical potential, the global hardnelss,alectrophilicity index and etc.
The chemical potential//) which shows escape tendency of an electron frguilierium, is defined as follows:

u=—(+A/2 @)
Where | =—E, o is the ionization potential ané = —E, 5 is the electron affinity of the molecule.

The global hardnesg)) shows the resistance of one chemical speciesstghie change in its electronic structure
(Equation (3)). Increase iff causes an increase in the stability and a decieasactivity.

n=(-A)/2 3)
Electrophilicity index (@) was defined by Parr as follows[21]:

w= 1’ 12n 4)

Table 1 represents the values of the quantum mialedescriptors calculated for MET, NP and NP/MEZX in
solution phases. In this table, besides quanturrecntdr descriptors, H{HOMO-LUMO energy gap) was also
presented. Enotably shows a more stable system.
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Table 1. Bonding energies (kJ/mol) quantum molecular descriptors (eV) for optimized geometries

SJECIGS Ep Enomo ELumo Eg ,7 /,1 a) E(Hartree)
MET - -5,63 0,10 573 286 -2,77 1,34 -850.86900

NP - -5,58 -4,48| 1,19 05b -503 23,00 -2564.50735
NP/MET1 | -13.65 -5,63 -4,56] 107 054 -510 246 -3415.88[15

NP/MET2 | -12.39 -5,60 -4,48| 1,12 056 -504 22,68 -3415.88[10

According to the data in Table 1}, I, and Erelated to the 2-methoxyestradiol drug are highantNP/MET 1-2,

showing the stability of the 2-methoxyestradiol @&ses in the presenceyeFe,0O; nanoparticles and its reactivity
increases. Also, in confirmation of the previoususs, it is observed thgt/ of the 2-methoxyestradiol becomes

more negative in the presenceyefFe,0O; nanoparticles.wof the 2-methoxyestradiol increases in the presefge
Fe,Oz nanoparticles, showing that the 2-methoxyestraatitd as electron acceptor.

CONCLUSION

Using density functional theory, the effects of #usorption of 2-methoxyestradiol ontd-e,0; nanoparticles have
been studied in detail in solvent environment. Tpessible modes of noncovalent interaction of 2-megkstradiol
onto y-Fe,0; nanoparticles were investigated. There are twasipibsies for the formation of hydrogen bonds
between 2-methoxyestradiolapd-e,0snanoparticles, for the first possibility, 2-methesyradiol is interacted with
v-F&0s; nanoparticles through OH1 groups (NP/MET1) and flee second one through OH2 (NP/MET?2).
Calculations show the stability of the 2-methoxyedibl decreases in the presenceg-6%,0; nanoparticles and its
reactivity increases.
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