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ABSTRACT

Daunomycin (or daunorubicin) and adriamycin (or daxbicin or 14-hydroxydaunomycin) are well-knowrtian
cancer agents used in cancer chemotherapy. Theyamtteracycline antibiotics and are commonly usedha
treatment of a wide range of cancers. Doxorubaa Daunorubicin were chemically conjugated to rnieal end
group of poly (D,L-Lactic-co-glycolic acid)[PLGA]ral Doxorubicin—PLGA-PEG((doxorubicin-conjugatediypo
(DL-lactic-co-glycolic acid) (PLGA) and polyethykglycol (PEG)) In this research, the molecular structure,
Binding Energy(BE), Dipole Moment (DM), Gibbs fesgergy of solvation4G (soaion) @and some physicochemical
properties of the Doxorubicin- PLGA carriers, Darubicin-PLGA carriers, Doxorubicin- PLGA-PEG caars
and Daunorubicin-PLGA-PEG carriers werevestigated using Density Functional Theory (DRERd Hartree
Fock (HF) calculations. Our results show an increas solubility of polyethyleneglycol-polylacticrgogation acid
rather than that of polylactic acid. The bindingEG to PLGA causes a higher solubility of DoxooitiPLGA-
PEG and Daunorubicin-PLGA-PEG in comparison withttbf Doxorubicin-PLGA and Daunorubicin-PLGA.

Keywords: PLGA, PLGA-PEG, Carriers, Doxorubicin, Daunorubjdi+T.

INTRODUCTION

Daunomycin (or daunorubicin) and adriamycin (or @mbicin or 14-hydroxydaunomycin) are well-knowrugs
used in cancer chemotherapy. Biochemical data wosfihat these drugs make complexes with DNA thereb
blocking the any replication or transcription [1-Adriamycin has a wide range of anti-cancer agtiand has been
used to treat severe lymphoblastic and myelobléstikaemias, malignant lymphomas of both Hodgkims aon-
Hodgkins types, carcinoma of different parts of hiaenan body, e.g. breast, lung, bladder, thyro@l@rary cancer,
etc. [5-13]. Daunomycin is specifically useful lretcure of leukemia in man. Although the structafeadriamycin
and daunomycin are only slightly different, theatigities differ significantly. PLGA (copoly lactiacid/glycolic
acid) is superior in biocompatibility and biodegabdity, and is useful material as base material dostained-
release formulation.
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PLGA has been successful as a biodegradable polyetause it undergoes hydrolysis in the body tapce the
original monomers, lactic acid and glycolic acicthe§e two monomers under normal physiological canditare
by-products of various metabolic pathways in theyb&ince the body effectively deals with the twonomers,
there is minimal systemic toxicity associated witing PLGA for drug delivery or biomaterial apptioas.

Poly (lactic-co-glycolic acid) (PLGA), have beentensively studied for a wide variety of pharmacealtiand
biomedical applications. The biodegradable polyesanily has been regarded as one of the few stiothe
biodegradable polymers with controllable biodeghilig, excellent biocompatibility, and high safefijhe need for
a variety of drug formulations for different drugsd delivery pathways resulted in development oibus types of
block copolymers (eg, diblock, triblock, multiblacland star-shaped block) consisting of the biodisgvke
polyesters and poly (ethylene glycol) (PEG). Extemnstudies throughout the world have produced eraging
results demonstrating many desirable, unique pti@senf PLGA-PEG block copolymers.

In this research it is investigated some physicotgbal properties of two carriers PLGA and PLGA-PEBhding
effects of these carriers to Doxourubicin and Daubmin are investigated by computational simulagidoo.

In experimental studies, some researchers haveichlyrconjugated Doxorubicin to a terminal end gpoof poly
(D,L-Lactic-co-glycolic acid)[PLGA] and conjugatetbxorubicin-PLGA formulating this into carriers $astain the
release of doxorubicin. Doxorubicin-PLGA conjugatesnplex was synthesized by Tae Gwan Park andagplies
[14]. Further, our study can predict the physioctvatproperties of Daunorubicin-PLGA for the resgears before
the process of synthesis.

In experimental studies carried out by some otlesearchers, it has been illustrated that Amphiphiaiibck

copolymers self-assemble into polymeric micellesagueous solution, and potentially can be usedaasnferal
drug delivery systems [15-19] Various polymeric elies have been used for the solubilization of watsoluble
drugs within the interior region of micelles. Bigptadable polymeric micelles containing doxorubiiirthe core
region were prepared from a di-block copolymer cosga of doxorubicin-conjugated poly(DL-lactic-cogpyic

acid) (PLGA) and polyethyleneglycol (PEG). This qaex was synthesized by Hyuk Sang Yoo,Tae Gwan &aak
colleagues[14]. Further, our study can predict ghgsiochemical properties of Daunorubicin-PLGA-PEEG the

researchers before the process of synthesis.

2. COMPUTATIONAL DETAILS

Computational chemistry uses tools to understangimétal reactions and processes. Scientists use utemp
software to gain insight into chemical processescdlculate the properties of the molecules, welne@enerate a
well-defined structure. A calculation often regsira structure that represents a minimum on a patesergy
surface [20, 21]. Then we optimized the complexes&hussian 03[22]. We used “ONIOM” approach beeate
size of complexes was large. The methods and asisfor high and low level were B3LYP/6-311++G¥ida
HF/6-31G* respectively. The optimized structureused as a starting point for subsequent calculgtisnch as
binding energy (BE), dipole momemtG (solvation), distance bound and angle bound whigbe been listed in
Table 1 and table 2.

RESULTS AND DISCUSSION

3.1. Structural optimization of PLGA, PLGA-PEG, Doxorubicin, Daunorubicin, Doxorubicin-PLGA,
Daunorubicin-PLGA, Doxorubicin-PLGA-PEG and Daunorubicin-PLGA-PEG

In this study, Density functional Theory (DFT) ahthrtree Fock (HF) calculations were used to optartize
molecular geometries of PLGA, PLGA-PEG, Doxorubjcibaunorubicin, Doxorubicin-PLGA, Daunorubicin-
PLGA, Doxorubicin-PLGA-PEG and Daunorubicin-PLGAG.

3.1.1. PLGA, PLGA-PEG

The optimized PLGA and PLGA-PEG structures obtifrem Density Functional Theory B3LYP/6-311++G**
method and from the ab initio HF/6-31G* method wiglentical (Figure 1) and some physicochemical prigs of
two carrier have obtained by Gaussian 03 and list¢able 1.
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Figurel: Optimized structure of PLGA (A) and PLGA-PEG (B)

Tablel: Some calculated physicochemical propertiesf PLGA and PLGA-PEG

Physicochemical propertie | PLGA | PLGA-PEG
Refractivity’ 113.74 107.40
Polarizability 42.87 40.86
Hydration energy -19.51 -16.78
Surface arégA2) 780.17 846.09
AG (sovation (Kcal/mol) -11.0Z -12.97
Dipole moment(Debyt 3.2C 9.8(

*Data were calculated using HyperChem 8 software[23]

3.1.2. Doxorubicin and Daunorubicin
The structure of Doxorubicin and Daunorubicin wergimized at B3LYP/6-311++g** and HF/6-31g* levef o

theory and then the Gibbs free energy of solvafig® (solvation)) was calculated at B3LY/6-31g* lewdltheory
using Gaussian 03. The optimized structures of Ddbicin and Daunorubicin have been shown in Fig.2.

Some physicochemical properties of Doxorubicin d@aunorubicin such as, Refractivity, polarizabiliyydration
energy, Gibbs free energy of solvatiohd solvation) and Dipole moment (DM) were obtainednf optimal

structure [24], as shown in Table 2.

2057
Pelagia Research Library



F. Rahimiet al Euro. J. Exp. Bio., 2012, 2 (6): 2055-2060

Figure2: Optimized structure of Doxorubicin (A) and Daunorubicin (B)

Table 2: Some calculated physicochemical propertiesf Doxorubicin and Daunorubicin

Physicochemical properties| Daunorubicin| Doxorubicin
Refractivity’ 133.80 135.50
Polarizability 51.18 52.00
Hydration energ® -17.92 -24.0¢
Surface arégA2) 541.68 729.45
AG (sonation (kcal/mol) -16.23 -18.08
Dipole moment(Debye) 6.123 7.767

*Data were calculated using HyperChem 8 software[23]

3.1.3. Doxorubicin-PLGA, Daunorubicin-PLGA, Doxorubicin-PLGA-PEG and Daunorubicin-PLGA-PEG

The geometrical structure of Doxorubicin-PLGA, Daurbicin-PLGA, Doxorubicin-PLGA-PEG and
Daunorubicin-PLGA-PEG were optimized at B3LYP/6-31@** and HF/6-31g* level of theory and then the
Gibbs free energy of solvatiodAG (sowvaion) Were calculated at B3LY/6-31g* level of theorying Gaussian 03.
Table 3 presents the geometrical parameters ofdifi@rent complexes, mentioned above, around tigkposition
(amide group — see also Fig 3).

O1

Drug remained

Carrier remained

Ha
Fig. 3: Structure of linking position in Doxorubicin-PLGA, Daunorubicin-PLGA, Doxorubicin-PLGA-PEG, Da unorubicin-PLGA-PEG

Table 3: Geometrical parameters of complexes arounlkihking position

Complex Co=0; (A) | CN3 (A) | Na-Hs (A) | O-Co-N;3 (°) | C-Na-Ha (°)

Doxorubicin-PLGA 1.224 1.343 1.010 125.652 118.985
Daunorubicin-PLGA 1.224 1.342 1.010 125.655 118.974
Doxorubicin-PLGA-PEG 1.212 1.301 1.009 126.238 115.352
Daunorubicin-PLGA-PEG 1.213 1.351 1.009 126.246 115.380

Some physicochemical properties of Doxorubicin-PL.GBaunorubicin-PLGA, Doxorubicin-PLGA-PEG and
Daunorubicin-PLGA-PEG conjugates, such as, Refritgti polarizability, Hydration energy, binding egees
(BE), Gibbs free energy of solvatioA® solvation) and Dipole moment (DM) were obtaineahf optimal structure
[22], as shown in Table 4. The binding energy pefetule was computed using the formula (1):
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AE= Ecomplex Edrug Ecarrier

)

Table 4: Some calculated physicochemical propertiesf Doxorubicin-PLGA, Daunorubicin-PLGA, Doxorubici n-PLGA-PEG and
Daunorubicin-PLGA-PEG

Physicochemical propertie | Doxorubicin-PLGA | Daunorubicin-PLGA | Doxorubicin-PLGA-PEG | Daunorubicin-PLGA-PEG
Refractivity’ 214.17 212.47 207.83 206.13
Polarizability 82.54 84.64 80.52 79.89
Hydration enerdy -39.18 -26.73 -27.05 -21.86
Surface arégA2) 987.26 970.39 1126.80 1110.27
AG (sowvation (kcal/mol) -13.5¢ -6.9¢€ -28.2( -21.5¢
Dipole moment(Debyt 7.73¢ 6.18% 11.77¢ 10.24¢
BE (ev/mol) -0.872 -0.872 -0.790 0.0272
“Data were calculated using HyperChem 8 software[24]
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Fig. 4: Structures of Doxorubicin-PLGA-PEG (A) Daurorubicin-PLGA-PEG (B)

CONCLUSION

Density functional Theory (DFT) and Hartree FockjHalculations were applied to study some physieadcal

properties of Doxorubicin-PLGA, Daunorubicin-PLGBRoxorubicin-PLGA-PEG and Daunorubicin-PLGA-PEG.

Our results indicate that when the carrier PLGA-HEGonjugated with doxorubicin and Daunorubicirifriproves
the biological anti cancer activity of the latt€hus it can be utilized in the treatment of can¥ée. further conclude

in this research that PLGA-PEG causes an increas¢hé hydro affinity properties of Daunorubicin and

Doxorubicin Adding PLGA to these two anti-cancemuses an increase in their lipophlicity properti€he
presence of PEG in Doxorubicin-PLGA-PEG and Daubimin-PLGA-PEG causes their lipophlicity properties
be more than that of Doxorubicin-PLGA and DaunotibPLGA.

Taking into account the calculations carried owg,dvaw this significant conclusion that computagiochemistry is
closely consistent with experimental results. Regay the experimental results, lipophilicity of deuubicin is

Pelagia Research Library

2059



F. Rahimiet al Euro. J. Exp. Bio., 2012, 2 (6): 2055-2060

higher than that of Doxorubicin; this fact can bexified through theAG (sonaion) Obtained for Daunorubicin and
Doxorubicin using Gaussian 03.
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