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ABSTRACT

This review presents the importance of vibratiomcsppscopy and the quantum chemical methods in the
elucidation of paclitaxel. Paclitaxel, the most ladelown natural-source cancer drug derived from bak of
the Pacific yew tree (Taxus brevifolia) and is usethe treatment of breast, lung, and ovarian @amas well
as Kaposi's sarcoma. Infrared spectroscopy is dunearesearch tool, which has enjoyed a renaissance
recent years due to the introduction of Fouriernséorm techniques. Raman spectroscopy is also portamt
spectroscopic technique, which provides exquisttectuiral insights into the molecular structuresher
introduction of FT-Raman spectroscopy has broughew impetus to Raman spectroscopy. It has alldived
study of materials that were previously “impossitbecause of fluorescence and provides ready actefise
extensive data handling facilities that are avalalwith a commercial FTIR spectrometer. Computation
chemistry generates data which complements expetiindata obtained by chemical experiments. It idely
used in the design of new drugs and materials. @oatipnal chemistry can assist the experimentahuseor

it can challenge the experimental chemist to fintirely new chemical objects. So this article esvs the
elaborate elucidation of paclitaxel through vibi@tial spectroscopic techniques and quantum chemiesthods
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INTRODUCTION

Paclitaxel (Taxol) has a broad activity spectrurd &nclinically used, often in combination with baplatin, to
treat breast, ovarian and lung cancer [1]. Theaesp to treatment and the severity of adverse dragtions
after chemotherapy varies greatly among individuahel one of the most important factors responsdi¢hese
differences is now recognized to be the genetiabdity.

Figure.1l.Pacific Yew Tree (Taxus brevifolia) [22]

584



H. Umamahesvari J. Chem. Pharm. Res., 2015, 7(6):584-587

Taxol has a lot of importance, both on a natiomal global scale. It is one of the most effectivéi-aancer drug
that has been developed from plants in the recesatsy It also happens to be the most controveraiakal product
in recent years. As for its ability to fight candtself it not only stops the tumor from growing,also shrinks it.
This phenomenon is only the second of its kindal$b proved to be one of the most effective agentseating

breast cancer. It is shown to be highly effectiverein patients with advanced cancer. Taxol wasolsly seen as
a drug with huge potentials, which is why even tifout took nearly 22 years for it to be tested aimhns,

scientists still pursued its’ research. The disathges of paclitaxel is

* Many times the taxol drug just bounces off the eatiemour, doing little or no damage to it.
« It decreases your blood cells, which puts yousit off infection or other diseases.

» As with almost any other type of chemotherapy, afgaxol is also results in hair loss.

» Use of taxol may also result in nausea, vomitindiarrhea.

Taxanes bind to the interior surfacepemicrotubule chain and enhance tubulin polymerirgtthereby stabilizing
microtubules. This inhibits mitosis, motility anctiacellular transport within (cancer) cells, leagto apoptotic cell
death. Taxanes also block anti apoptotic effectB@E2 gene family, induce TP53gene activation wikultant
mitotic arrest leading to cell death. [2]. Paclghxvas first approved in 1992 for clinical use. Téteucture of
paclitaxel is shown in Figure.2

Cremaphor EL (CrEL), a non ionic surfactant poly-@thylated castor oil mixed 1:1-with dehydratedagtol was
recognized to be the most feasible option to stlgbpaclitaxel for intravenous administration. mgbiologically
and pharmacologically active, these solvents aseciated with several major side effects such agtsensitivity
reactions and neuropathies. They also impair turpeaetration, limiting the clinical effectivenesssolvent-based
taxanes [3, 4]

To address these limitations of solvent-based &xamd to improve their therapeutic index, varisolyvent-free
formulations and delivery systems such as liposoamglapsulated paclitaxel, paclitaxel vitamin E esiud and
polymer microsphere formulation of paclitaxel wareestigated but with limited success.[4,5]

In order to understand the water-solubility and eancer activity of paclitaxel prodrugs, it is uitable to study the
physicochemical properties of them.
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Figure.2. Paclitaxel

2. Approachesin the study of Paclitaxel drugs:

2.1. Vibrational Spectroscopy

Vibrational spectroscopy is an important tool fbe telucidation of molecular structure and givesyaathical
picture of the molecule. The study of vibrationakstroscopy provides affluence of data on the tibma of
polyatomic molecules, which, when properly intetpeg yields information regarding the molecularusture,
bonds, forces behind the bonds, molecular dynaetcfs].

Infrared spectroscopy is a fully grown researabl, tavhich has enjoyed revitalization in recent wedue to the
introduction of Fourier transform techniques. Ranspectroscopy is also an important spectroscopienigue,
which provides exquisite structural insights inbe tmolecular structures. In conventional Ramantspsopy, the
strongly interfering fluorescence has always begreat nuisance and obscures the Raman signainfrbduction
of FT-Raman spectroscopy has brought a new impet®saman spectroscopy. It has allowed the studyaiérials
that were previously “impossible” because of fllsm@nce and provides ready access in the extenaiaehdndling
facilities that are available with a commercial RT8pectrometer. Thus, Raman scattering has beergto be a
powerful technique, complementary to inelastic rauscattering and infrared spectroscopy.
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2.2. Quantum Chemical M ethods

The computational chemistry methods outcome dataoisplement to the experimental data of chemical
experiments. The calculations are based primarilysohrodinger's equation. The properties suchrastste (i.e.
the expected positions of the constituent atomis$olate and relative (interaction) energies, etettr charge
distributions, dipoles and higher multipole momentirational frequencies, reactivity or other dpescopic
guantities, and cross sections for collision witheo particles can be evaluated. In some caseanipredict hitherto
unobserved chemical phenomena too. It is wideld usethe design of new drugs and materials. Contiouial
chemistry can assist the experimental chemist cait challenge the experimental chemist to findregt new
chemical objects.

Computational quantum chemistry is principally cemed with the numerical computation of moleculactonic
structures by ab initio and semi—empirical techa&juHartree—Fock (HF) and Density functional the@¥T) are
ab initio methods for determining the molecularcaienic structure. The HF and DFT methods of anslygs
molecular vibrations have been of great servicthénstudy of molecular dynamics. The computati@mellysis is
the universally accepted approach for interpretatibthe spectral data of the molecules [7].

The ab initio HF and DFT theories have proved tohigghly successful in describing structural andcttanic
properties in a vast class of materials, rangingnfatoms and molecules to simple crystals to compleéended
systems. These work falls mainly into three classkesse dealing with the theory, those concerneth ihe
technical aspects of the numerical implementatiand,vast majority of presenting results.

The Gaussian program developed for HF and DFT talons endow with vast number of data such as the
harmonic vibrational frequencies, optimized molecylarameters (bond length, bond angle, dihedgleandipole
moment, rotational constants, Non linear opticabpeeters (first and second order Polarizabilitysatnopy) and
thermodynamical parameters (zero point energyppwirenthalpy and specific heat capacity[8].

3. Spectroscopic and quantum chemical studies of paclitaxel

Spectroscopic investigations on pharmaceutical ssnare of importance in the present. Vibratiornaécsral
studies of many pharmaceutical drugs are extensialdied by many scientists. Pharmaceutical and
physicochemical analyses of various drugs- membcanglexes have been studied by various analytiedhods.
Thermodynamic, spectroscopic and microscopy appesaavere used for structural characterization efseh
macromolecular associations. Among these, vibratispectroscopy (Infrared and Raman spectroscompige
useful information on dynamic changes occurringraftomplex formation of various biomolecules, FTaRd
Raman spectroscopic methods are being extensigely o identify the structural groups present @@pound [9-
11]. Many research suggested an interesting maihadsigning group frequencies observed in vibredi spectra.
Spectroscopic studies of the Paclitaxel binding prukimity relationships with cisplatin and adriaciny are done
by Lilianna TryndaLemiesz [12], FTIR and NMR spesttopy studies on the interaction of paclitaxehwipid
bilayers are studied by Dhanikula Anand[13], confation of microtubule bound paclitaxel by fluoresce
spectroscopy and NMR were given by Yankun Li[14jowever the vibrational spectral analysis of polsime
nanoparticle Paclitaxel drug have not carried cefofe. An attempt has been made in this work talystihe
vibrations of the functional derivatives in the grirhe optimized molecular structure, atomic chargébrational
frequencies, natural bond orbital analysis andavitiet-visible spectral interpretation of rosmariacid have been
studied by performing HF and DFT/B3LYP/6-31G(d,pYél of theory and the FT-IR (solid and solutiorapd),
FT-Raman (solid phase) by Mariyappan[15he structure and relative energies of the tautenwérthe anti
cancerous drug dichloroacetate are predicted u$amtyee Fock and density functional theory by Sifif].

FTIR and FT-Raman spectra of the pure paclitaxed it 7], castor oil solvent-based paclitaxel drad aolymeric
nanoparticle paclitaxel drug showed the specifitcfional groups of the polymeric nanoparticle dmagterial and
solvent based paclitaxel drug have almost the sdramical characteristics of the pure paclitaxebdru

Folate decorated paclitaxel loaded PLA-TPGS narticfes were prepared by a modified emulsificatioivent
evaporation method [18]. The obtained nanopartigkese characterized by Field Emission Scanning tElac
Microscopy (FESEM), Fourier Transform Infrared (Ryland Dynamic Light Scattering (DLS) method. PTX
loaded nanoparticles exhibit great advantages coedpa free PTX and the folate decoration signifthaimprove
the targeted delivery of drug to cancer cell inkotvitro andin vivo.

Quantum chemistry, a sub-discipline of computatiahm@mistry, is the weapon of choice when detakiedwledge

of a chemical reaction is required and when itripriactical or even impossible to experimentallyagbthe sought
information. Density functional Theory (DFT) and rtiae Fock calculation were applied to study some
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physicochemical properties of Taxol and its cometexTaxol conjugated with this polymer can be z4ii to
improve the biological and anti cancer activityTaixol [19].

The concept of utilizing polymers in drug delivengs been extensively explored for improving theapeutic
index of small molecule drugs. In general, polyneas be used as polymer-drug conjugates or polgnneidelles.
The physicochemical properties of a novel amphiplblymer—paclitaxel conjugate monomethoxy-poliy{étne
glycol)-b-poly(lactide) (MPEG-PLA) and a cyclic sthpeptide c(RADfK)-paclitaxel containing the arglrglycyl-
aspartic acid (RGD) amino acid sequence using iBemainctional Theory (DFT) and Hartree Fock (HF)
calculations[20] showed that these carrier padit@aowmplexes mentioned above can be used to im@otre&ancer
activity and water-solubility of paclitaxel.

DISCUSSION

From the above it is seen that though number obrted cases of cancer is steadily increasing, thdyson
paclitaxel which is very important anticanerousgdisl inadequate. Paclitaxel is very effective ia treatment of
various cancers especially ovarian and breast caboeit demonstrates poor aqueous solubility,clviiesults in
the difficulty challenging the development of ptactiel parenteral formulations, so its clinical apgiion is greatly
restricted. Nanotechnology has been widely exploite the field of antitumor research, and paclitaise no
exception. In recent decades, a series of novehdations of paclitaxel based on nanotechnologyehlbgen
developed, including albumin-bound paclitaxel, mpodyic micelle-formulated paclitaxel, polymer-pazkel
conjugates, liposome encapsulated paclitaxel et dommon advantage shared with these novel ihjecta
formulations is that they are developed based amoteahnology and Cremophor EL-free. In additiorgsth
nanoformulations can significantly reduce toxiat@f paclitaxel and greatly promote its antitumficeency [21].

CONCLUSION

The study about the efficient anticanerous drugh saas paclitaxel in nanoform can be studied powlgriusing
Quantum chemical calculations of ground state gneggometrical structure and vibrational wavenurahgsing
DFT, HF quantum chemical methods and FT-IR and Em&n spectroscopic methods.
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