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ABSTRACT

The physicochemical properties of Doxorubicin —TP@&®xorubicin conjugated to D-a-
tocopheryl polyethylene glycol 1000 succinate whiolt number of polyethylene glycol in the
study is four) and Doxorubicin—polyphosphazene i namber of polyethylene glycol in the
study is ten) have been estimated using Densittitumal Theory (DFT)and Hartree FocKHF)
calculations. In this report some geometrical paedens of DOX-TPGS complex of the
conjugated complex and Doxorubicin—polyphosphazemaplex of the conjugated complex
were investigated using computational methods dngipochemical propertiesuch as Gibbs
free energy of solvatiomG sonvation, binding energy, partition coefficient, and DipaMloment
(DM) of complexes were investigat€blr results indicate that water-solubility of Daxbicin—
polyphosphazene is higher than that of DOX-TPGS.

Keywords: Anti-cancer drugs, Molecular geometry, ab initalctilation, Doxorubicin-TPGS,
Doxorubicin—polyphosphazene.

INTRODUCTION

Doxorubicin is an anthracycline ring antibiotic thewidely used as a cancer therapeutic [1].
The scheme of DOX is in Fig1l.
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Figure 1. Doxorubicin

76
Pelagia Research Library



S. Bagheriet al Der Chemica Sinica, 2011, 2(6):76-79

To develop a polymer—anticancer drug conjugate,-tBeapheryl polyethylene glycol 1000
succinate (TPGS) was employed as a carrier of diman (DOX) to enhance its therapeutic
effects and reduce its side effects [2].

In order to understand the biological and anti earactivity of these complexes, it is inevitable
to study the physicochemical properties of doxarimbcarrier conjugates. Therefore we used
B3LYP calculations via Gaussian 03 [3] to studysthproperties.

DOX-TPGS was synthesized by Si-Shen Feng and cple=a[2].The conjugation scheme is
illustrated in Fig2
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Figure 2. DOX-TPGS

Doxorubicin—polyphosphazene was synthesized by Gwmg Song and colleagues [4]. The
conjugation scheme is in Fig3. Doxorubicin has twajor functional groups in its structure: a
primary amine group in a sugar moiety and a printgroxyl group of-C=0OCH2 OH group in
the aliphatic chain ring. In this report both carnvas conjugated to primary amine group in a
sugar moiety [5].
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Figure 3. Doxorubicin—polyphosphazene
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RESULTS AND DISCUSSION

The geometry structure of these two complexes wptemized at B3LYP/6-311++G** and
HF/6-31G* level of theory and then the Gibbs fraeergy of solvation AG soivatio) were
calculated at B3LYP/6-31G level of theory [6] usiigaussian 03. Table 1 presents the
geometrical parameters of two different complexemntioned above around linking position
(amide group), see also Fig 4.

carrier remained DOX remained

Figure 4. Structure of linking position in DOX-carrier complexes.

Table 1. Geometrical parameter of complexes arounlkihking position

complex C2=01 (A)) C2-N3 (A] N4-H4 (A) C2-N3-H4 ()
DOX-TPGS 1.226 1.359 1.012 120.106
Doxorubicin—polyphosphazene 1.225 1.360 1.013 112.434

some physicochemical properties of DOX-carrier agajes such aefrectivity, polarizability,

Log p, Hydration energy [7] ,binding energies (B&)bbs free energy of solvatioNG solvatior)
and Dipole moment (DM) are obtained from optimalsture which have been shown in Table
2.The Binding energy values for each complexes walailated at b3lyp/6-311++g** level of
theory

Table 2. some physicochemical properties of DOX-TP&and Doxorubicin—polyphosphazene

physicochemical properties DOX-TPGS Doxorubicinypbbsphazeng¢ Doxorubicin
Refrectivity’ 344.17 400.99 135.50
polarizability 133.36 148.69 52.00
Log 7.06 -0.09 0.110
Hydration energy -23.06 -38.96 -24.03
Surface aréqA2) 2000.68 2120.94 729.45
AG (soivation (Kcal/mol) -25.8 -37.9 -18.08
Dipole moment(Debye) 5.047 9.801 6.848
BE (ev/mol) -15.9 -0.9

aData were calculated using HyperChem 8 software[8]

CONCLUSION

Density functional Theory (DFT) calculations andrtdee Fock (HF) were applied to study some
physicochemical properties of DOX-TPGS and Doxarimbipolyphosphazene conjugates.
Regarding the calculation results, lipophilicity &OX-TPGS is higher than that of
Doxorubicin—polyphosphazene; this fact can be iestifthrough the Gibbs free energy of
solvation AG sovatoy oObtained for DOX-TPGS and Doxorubicin—polyphospre using
Gaussian 03. It is also predictable that, basedipole moment rates, there is higher solubility
of Doxorubicin—polyphosphazene than DOX-TPGS, wichigher lipophilicity of DOX-TPGS
than Doxorubicin—polyphosphazene.
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polyethylene glycol (PEG) Content of Doxorubiciniyphosphazene (unit number of PEG is
ten) is higher than DOX-TPGS (unit number of PiEGour) and therefore, it indicates that
solubility of Doxorubicin—polyphosphazene is higkttgan that of DOX-TPGS, leading to higher
solubility of this complexbecause PEG has excellent solubility in water dms fact was
determined by Computational chemis®ur results indicate that DOX conjugated with TP
polyphosphazenean be utilized to improve the biological and @atncer activity of DOX.
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