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ABSTRACT
Vinblastine is belonging to vinca alkaloid family which is a chemical analogue of vincristine molecules. It has a high potential for
attaching to tubulin of microtubules, therefore inhibiting the assembly of that biomolecules. Human EGFRs receptors are cell surfaces
receptors proteins including three different domains which are known extracellular ligand-binding domain, trans-membranes
hydrophobic domain and cytoplasmic C-terminal domain with tyrosine kinase. The Chemical & physical vibrational spectral data
obtained from NMR, NBO and IR spectra based on the results of the theoretical calculations using DFT and HF methods. The
fundamental vibrational modes were characterized depending on the stabilities of Herceptin in different dielectric constants. Thus, the
goal of this article is to evaluate and quantify and qualify of the mechanism in various solvents.
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1. INTRODUCTION
Vinblastine behavior causes a specific cell cycle arrest via
disrupting microtubules assembling and correct structure of
the mitotic spindle and the kinetochores. Both of those molecules
are need for the separation of chromosomes in anaphase of
mitosis. Vinblastine molecules para crystals may be combined
with tightly-packed un-polymerized tubulins or microtubules.
Vinblastine molecules have been reported as an effective molecule
in the chemotherapies regimens, especially in using VBM
chemotherapy for Stage IA or IIA Hodgkin lymphomas. The
coverage of vinblastine allows for lower doses of bleomycin and
reduced overall toxicity with larger resting periods among
chemotherapy cycles [1-3].
Microtubules-disruptive drugs such as vincristine,
vinblastine, and colcemid, have been exhibited for acting via two
mechanisms. In the small concentration it suppress microtubule
dynamics and in large concentrations it reduce microtubule
polymer mass. Further study indicates that high concentration of
microtubules resignation of spindle poles correlate best with
cytotoxicity [4, 5]. Due to the natural mixture of isomers are not
economical sources for the necessary stereochemistry of biological
activation vinblastine. The desired configuration around C (16)
and C (14) can then be fixed during the ensuing steps. In this
pathway, vinblastine molecules are constructed by a series of
cyclization and coupling reactions which create the required
stereochemistry. Activities HER2 are highly expressed in the
significant proportion of breast cancer .Herceptin molecule is recombining DNA-derived humanized monoclonal antibodies that
selectively target the extracellular domains of the human
epidermal growth factors “receptor-2” protein or HER2. The
mechanism inhibition of HERs functions in affected tissue are the
promising strategies in the treatment of human malignancies. TKIs
usually compete for Mg’s ATP binding domain of HER receptors
and consequently could inhibit kinase activity of intracellular
domain of EGFRs and halt their signaling route. In spite of the

low-cost generation and easy synthesis, TKIs have low specificity
and widespread side effects on the other kinds of kinases [3-7].
Initiated signaling cascades propagated through different
pathways include components of the activated protein kinase
(MAPK), protein kinase C, phospholipase D, phosphatide inositol
3-kinase and signal transducers and activators of transcription
[4,5]. HER1, HER4, HER1 and HER2 belong to four members of
EGFRs families in the human cell activities. All of them, except
HER2, have suitable associated ligand where can trigger receptor
dimerization to activate the tyrosine kinase and induction of
related biochemical events. Some of the HER molecules are
specific and some of them are nonspecific [1-3].
The development of a wide spectrum of Nano-scale
technologies has tremendous potential to make an important
contribution in cancer imaging, diagnosis, behavior and prevention
[2-8]. Targeted molecular therapies target tumor antigens to alter
the signaling. By blocking the signal waves which tell cancer cells
to grow and divide uncontrollably, the approaches can help to stop
the growth and division of cancer cells [9].
The HER2 receptor tyrosine kinase is a member of the
epidermal growth factor receptor families of trans-membrane
receptors. HER2 encodes a 185 k-Da Trans-membrane protein,
which comprises an extracellular domain (ECD) and an
intracellular tyrosine kinase activity [6-10]. Target-specific
delivery of diagnostic and therapeutic agents has become a main
concern in the research of Nano-medicine and in the
pharmaceutical industry. Targeted therapy may be more effective
and have fewer side effects than general treatments without
targeting effects [6, 11].
Monoclonal antibody after peptide-based vaccines are the
second largest classes of therapeutic proteins agents have been
approved by the Food and Drug Administration for use in humans
[11,12] Antibodies against the extracellular region of HER
receptor could inhibit kinase signaling pathway through induction
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of immunological response and subsequent internalization of HER
receptor [13,14].
Antibodies as valuable tools which extensively used in
clinical diagnosis and therapy are under active investigation for
affinity enhancement, production of new diagnosis tools and
generation of carriers with the developed ability for transferring
conjugated drugs
Vincristine includes acute lymphocytic leukemia, acute
myeloid leukemia, Hodgkin's diseases, neuroblastoma, and small
cell’s lung cancer among the others.
It is given
intravenously. Serious side effects may include neuropathic pain,
lung damage, or low white blood cells which increases the risk of
infection. It would be likely to cause harm to the baby if given
during pregnancy. It works by stopping cells from dividing
properly. Vincristine was first isolated in 1961. It is on the World
Health Organization's List of Essential Medicines, the safest and
most effective medicines needed in a health system. The main
side effects of vincristine are chemotherapy-induced peripheral
neuropathy, hyponatremia, constipation, and hair loss.
Chemotherapy-induced peripheral neuropathies might be
severe, for reducing or avoid using vincristine molecules. The
symptoms of those are progressive and enduring tingling
numbness, pains and hypersensitivities for cold situation,
beginning in the feet and sometimes affecting the arms and
legs.
The medical literatures document case of
ascending paralysis due to the massive encephalopathies and
spinal nerve demyelination, accompanied via intractable pain,
almost uniformly leading to death. Various patients have survived

after aggressive and immediate intervention. Rescue treatments
consist of washout of the cerebrospinal fluid and administration of
protective medications. Children may do better following this
injury. One child, who was aggressively treated at the time of the
injection, recovered almost completely with only mild
neurological deficits. The overuses of vincristine molecules may
also lead to drug resistances through overexpression of the pglycoprotein pump. There is an effort for overcoming resistance
via the addition of derivatives and substituents to the vincristine
molecule [15-19].
Since discovery of carbon nanotubes or CNTs have been
considered as the ideal materials for the varieties of applications,
they have unique properties such as potential biocompatibility in
pharmaceutical drug delivery systems and their excellent role as
drug carriers with highly site selective delivery and sensitivities.
There are two types of CNTs: single-walled nanotubes (SWCNTs)
and multi-walled nanotubes (MWCNTs).
To accelerate the optimal development of CNT as a new
effective drug transporter, it is required to better understand the
structural properties of the drug-CNT complex. In this paper, we
report a computational study of the interaction between Herceptin
with SWCNT. We perform a full semi-empirical, energetically,
and vibrational analysis of Herceptin-CNT with different solvents
to elucidate the effect of site-specific of these systems. The aim of
this study was to investigate the stability of Herceptin- SWCNT at
physiological conditions and examine the effect of dielectric
constant on stability of Herceptin – SWCNT complex. We have
simulated this works theoretically based on our previous works.

2. MATERIALS AND METHODS
The electron densities have been defined as ( )

=

( )

∑
∑
( )
(1).
Where occupation64 number of orbital (I) is, is orbital wave
function,  is basis function and atomic unit for electron density
can be explicitly written as e/Bohr3;
( )

( )

(

( )

) +(

( )
( )

) +(

( )
( )

(

( )

)

( )

( )

(8)

and

( )

( )

Calculations were (9) for close-shell system, since
( )

( )

(10), D and D0 terms can be simplified as D(r)

= ∑

(2)

)

∑

( )

(11),

( )

(

) ( ) (12).

The kinetic energy density is not uniquely defined, since
the expected value of kinetic energy operator

While D0(r) can be considered as Thomas-Fermi kinetic energy
density.
Localized orbital locator (LOL) is another function for locating
high localization regions likewise ELF, defined by Schmider and
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K(r) and G(r) are directly related by Laplacian of electron density
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2.1. Electron localization function (ELF).
Becke and Edgecombe noted that spherically averaged likespin conditional pair probability have direct correlation with the
Fermi

hole.

ELF(r)
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where
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(13), where ( )
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∑

(14), ( ) for spin-polarized system and close-shell system are
defined in the same way as in ELF.
2.2. Local Information Entropy.
Local information entropy is a quantification of
information, this theory was proposed by Shannon in his study of
information transmission in noise channel, and nowadays its
application has been largely widened to other areas, including
theoretical chemistry.
2.2. Electrostatic potential.
ESP or total electrostatic potential measures the
electrostatic interaction among the unit point charges placed at r
and the system of interest. A positive (negative) value implies that
current position is dominated through nuclear or electronic
charges. ESP has been widely applied for the prediction of
nucleophilic and electrophilic sites for a long time.
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It is also valuable in studying hydrogen bonds, halogen
bonds, molecular recognitions and the intermolecular interaction
of aromatics. Moreover, based on statistical analysis, Murray76 and
coworkers found a set of functions called GIPF which connects
2.4. Computational details.
Here, we have basically focused on getting the optimized
results for each one from DFT methods consist of m06 and m06L. Pm6, Extended-Huckel and Pm3MM including pseudo=lanl2
calculations using Gaussian program have done for the nonbonded interaction between two tubs.
M06 and m06-L (DFT) functional is based on an
iterative solution of the Kohn-Sham equation of the density
functional theory in a plane-wave set with the projectoraugmented wave pseudo-potentials. We employed density
functional theory with the van der Waals density functional to
model the exchange-correlation energies of h-BN sheets. For noncovalent interactions, the B3LYP method is unable to describe van

der Waals capacitor systems by medium-range interactions such as
the interactions of two cylinders. Moreover, some recent studies
have shown that inaccuracy for the medium-range exchange
energies leads to large systematic errors in the prediction of
molecular properties. The electron density (Both of Gradient norm
& Laplacian) have been calculated, value of orbital wave-function,
electron spin density, electrostatic potential from nuclear/atomic
charges, electron localization function (ELF), localized orbital
locator and the exchange-correlation density, correlation hole and
correlation factor, Average local ionization energy using
Multifunctional Wave-function Analyzer.
Semi empirical Methods are simplified versions of HartreeFock theory using empirical corrections in order to improve
performance. These methods are usually referred to through
acronyms encoding some of the underlying theoretical
assumptions.

3. RESULTS
We have studied the effects of several solvents on
interaction of Herceptin, with SWCNTs. these calculations were
accomplished via Hyper-Chem program. The attained result that
water is the best solvent is completely logical if Herceptin with
SWCNT was placed in it.
Medicinal chemistry depends on many disciplines ranging
from organic chemistry and pharmacology to computational
chemistry. Computational chemistry is a branch of chemistry that
uses principles of computer science to assist in solving chemical
problems. It uses the results of theoretical chemistry, incorporated
into efficient computer programs, to calculate the structures and
properties of molecules and solids.

solvent electrostatic interaction and the effect of solvent
polarization.

Figure 2. The optimized geometric structure of Vinblastine and
vincristine
Figure 1. Trastuzumab as anticancer drug and open-end of carbon
nanotube

Hyper models blend multiple modalities thereby improving
our understanding of the physical, chemical and biological
changes that occur on the molecular level. Since the models
become increasingly realistic, direct comparison with
experimental data becomes possible. In ordinary chemistry, a
system contains more than one component, and major and minor
components in the mixture are conventionally called ‘solvent’ and
‘solute’, respectively .The vanishing limit of solute concentration,
or infinite dilution, is of particular interest because it purely
reflects the nature of solute–solvent interactions. The dielectric
continuum models such as the self-consistent reaction field
method are efficient in taking account of long-range solute–

In this investigation, the calculations of the interaction
between Herceptin and SWCNTs by each Semi-empirical method
have been performed. First, a molecule with SWCNT in gas is
practiced. Second, the calculation methods are performed in water
solvent. Third, the semi-empirical calculations with different
solvents are chosen. In the next step we calculated the vibrational
modes of the tube by applying the semi-empirical methods to the
Hyperchem-6 package program. We also present a comparison of
total energies, binding energies, electrical energies and heat of
formations derived from these data, including Herceptin with
nanotube in different solvents (water, methanol and ethanol).
Understanding the different molecular processes in
chemistry and biochemistry is possible by the interaction between
the solute and the solvent molecules. The carbon nanotube is
representative of nanomaterial. The combination of trastuzumab
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anticancer drug and SWCNTs is illustrated in Fig. 1. Therefore, in
this paper, thermodynamic values on the interaction of
trastuzumab with SWCNT have been investigated in different
dielectric constants. Comparison between total energies, binding
energies of active site 1 in gas and water indicates that AM1 in
water has maximum stability.
The heats of formation will often give the most accurate
obtainable results for organic molecules with semi-empirical
methods. On average, AM1 predicts energies better than other
methods but electrical energy of INDO in gas is more stable.
The optimized structures of nanotubes in different media
and dielectrics from 78.39 to 32.63 and 24.55 have been used as
H2O, CH3OH, and C2H5OH molecular for solvent phase. Their
results are (H2O/C2H5OH) [ε = 67.66, 56.85, 46.08, 35.31],
(H2O/CH3OH) (ε = 69.23, 60.08, 50.93, 41.78),. Heat of
formation, electrical energy (kcal/mol), total energy (kcal/mol),
and binding energy (kcal/mol) of active site 1 and 2 in different
dielectrics are shown.
It can be observed in active site 1 in
water normal mode 230 in zindo/1 has higher frequency and
intensity while in gas n/ 190 in zindo/s has a higher number
frequency and intensity.

averaged over all possible attitudes of solvent molecules
consistent with the principles of statistical mechanics.
There is energy of interaction between solvent and
solute. Therefore, the solute properties dependent on energy, such
as total energy and vibrational frequencies, depending on the
solvent. The results of the CNT- solvents simulation can be used
to analyze the energetic aspects associated with the process of
introducing a CNT from the gas phase into different dielectric
solutions.
The net result clearly indicates that the process of
introducing a CNT to different dielectric energetically is
remarkable. In a different dielectric, total energy and electrical
energy of CNDO in ethanol in both active sites 1 and 2 are more
stable. In binding energy in active site 1 and 2 ZINDO/S has
maximum stability and heat of formation of CNDO in ethanol in
active site 1 and ZINDO/S in active site 2 is more stable.
Vincristine works partly by binding to the tubulin protein,
stopping the tubulin dimers from polymerizing to form
microtubules, causing the cell to be unable to separate
its chromosomes during the metaphase [fig.4 &5].

Figure 4. Vinblastine and Vincristine attached to alpha and beta
tubulins

Figure 3. Electrical energy and Heat of formation, including total energy
and binding energy for active site

In CH3OH and C2H5OH, media as it shown in Fig. 3, for
methanol in active site 1 normal mode 240-260. The presence of a
solvent, particularly a polar solvent, can also stabilize charge
separation within the molecule. This not only changes the energy
but also results in a shift in the electron density and associated
properties. In reality, these are the result of the quantum
mechanical interaction between solvent and solute, which must be

Figure 5. EL F of vinblastine attached to tubulin

4. CONCLUSIONS
Most people experience some side effects of vincristine
treatment. Commonly it causes a change in sensation, hair loss,
constipation, difficulty walking, and headaches. Serious side
effects may consist of neuropathic pain, lung damage, or low
white blood cells which increases the risk of infection. It will
likely cause harm to the baby if given during pregnancy. Human

EGFRs (HER receptor) are cell surface receptor proteins with
three different domains, namely extracellular ligand-binding
domain, trans-membrane hydrophobic domain and cytoplasmic Cterminal domain with tyrosine kinase. It works by stopping cells
from dividing properly.
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