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ABSTRACT
Objective(s): The novel 7-hydroxycoumarinyl gallates derivatives are detected in many pharmaceutical compounds like
anticancer and antimicrobial agents. Whereas carbon nanotubes (CNTs) have been discussed for nanomedicine applications
and in particular as drug delivery systems. The capability of armchair (5, 5) SWCNT -based drug delivery system in the
therapy of anticancer has been investigated by quantum mechanics/molecular mechanics method.
Materials and Methods: Theoretical investigation of the interaction between armchair (5, 5) SWCNT with gallates
derivatives has been fulfilled by quantum mechanics/molecular mechanics (QM/MM) method by ONIOM2 (DFT:
UFF) using the program of GAUSSIAN 03 suite.
Results: The results derived from this study, demonstrate  that armchair (5, 5) SWCNT has weak interaction that these
interactions contain Vander Waals interactions and indicated clearly that these systems have relatively low durability
and so armchair (5, 5) SWCNT is appropriate drug delivery that have been investigated for anti-cancer drug.
Conclusion: Analysis of ONIOM2 calculations and the interaction energies of the armchair (5, 5) SWCNT and gallates
derivatives represented that this carrier can be utilized to improve the biological and anti-cancer activity of gallates
derivatives.
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INTRODUCTION
Gallic acid (GA) is an organic acid found in a

variety of foods such as blueberries, gallnuts, apples,
flax seed and sumac herbs that are well known as
powerful antioxidants [1]. Also this compound is
known as chemopreventive and anticancer agents
[2].Types of ester derivatives with distinct pharma-
cological properties are obtained of Gallic acid
because of the existence of three phenolic and one
carboxyl substituents [3].

Substituent of coumarins with GA increased anti-
tumor effect in comparison to individual substances.

coumarin esters of GA are able to impel tumor cell
cycle inhibition [4,5], Recently, the novel 7-hydroxy-
coumarinyl gallates derivatives  have been
synthesized by Hejchman and coworkers [6] that  have
anticancer activity (Fig. 1).

Nano compuonds similar carbon nanotubes
(CNTs), quantum dots, and polymeric nanoparticles
have essential physicochemical properties that can
be used for drug delivery in cancer. CNTs have been
actively investigated as multipurpose novel carriers
for drug delivery [7].

Their inherent physicochemical features enable
covalent and non-covalent binding of several
pharmaceutical uses and permit for rational design
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of novel candidate nano materials for drug
development [8].

Single wall carbon nanotubes (SWCNTs) with a
highly site-selective delivery and sensitivity, are made
of a single cylindrical graphene layer covered both
ends in a hemispherical arrangement of carbon
networks [9].

SWNTs can be clearly linked to biomolecules by
adsorption, chemical attachment or encapsulation
due to high specific surface areas. These types of
bioconjugates on SWNTs have the capability to carry
bioactive molecules into the cell nuclei and across
cell membranes [10, 11].

Interaction of anticancer drug molecules like
cisplatin [12], carboplatin [13], paclitaxel [14],
methotrexate [15] and doxorubicin [16, 17] with
carbon nanotubes have been investigated.
Computational characterization of CNT-papain
interactions for developing a biosensor have been
investigated by Athira and coworkers [18]. Interaction
of folic acid drug on CNT has been studied with DFT
method by Hamedani et al. [19].

 Computational and experimental investigation
of the interaction between single-walled carbon
nanotubes and folic acid has been studied by Castillo
et al. [20]. Shojaee and coworker have been
investigated interaction functionalized SWCNT (5, 5)
with Mitoxantrone drug [21]. Also, DFT/NBO analysis
of interaction between a CNT and anti-cancer drugs
have been studied [22].

The Adsorption of Drug Cisplatin onto Carbon
Nanotubes by DFT method have been Studied [23]. In
this work, the interacting capability of carbon

nanotube (5, 5) with the novel 7-hydroxycoumarinyl
gallates derivatives is investigated. So far, the
probability of occurring covalent interaction between
the 7-hydroxy- coumarinyl gallates erivatives and
carbon nanotube (5, 5) has not been reported. This
chemical interaction is studied as a new approach
to drug delivery.

METHODS
An ONIOM (our Own N-layer Integrated Orbital

molecular Mechanics) approach was developed to
perform a complex geometry optimization. In this
method, it together behaves different parts of a system
with good accuracy and lower computational cost
contrast to pure DFT methods [24].

ONIOM approach, presented by Morokuma et al
[25], is a computationally impressive tool for the
study of chemical reactions involving large molecular
systems. In ONIOM approach, the molecule (real)
divided to two or three different regions, where a high-
level calculation on a small region (model) is carried
out, and the effects of the residue spectator areas
are included at a low of theory.

 Selection of the atoms in the model and the level
of theory in that part of the system (high-level), as
well as the level of theory for the real system (low-
level), is the limiting factors regarding the accuracy
of the results [26].

B3LYP/6-31G at the high-level for gallates
derivatives   and a unified force field (UFF) approach
for the low-level real SWCNT was applied. Binding
energies (BE) had to be estimated from the high-level
of theory part [27].
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Fig. 1. Derivatives of 7-hydroxycoumarinyl gallates
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The importance of the layers partitioning in the
application of ONIOM for the investigation of
SWCNTs, was recently pointed out [28, 29]. All
calculations were performed using ONIOM2 (B3LYP/
6-31g: UFF). It is considerable that of these drugs has
more than one functional group which can react with
CNTs. Also, thermodynamic parameters of interaction
are calculated using the two-layered ONIOM
Becke3LYP/UFF method.

In our calculations, an armchair (5, 5) SWCNT
comprising 110 carbon atoms and end-terminated
with hydrogen atoms (Fig. 2). interacting with the
gallates derivatives   we retaken as the model system.
Calculations were carried out using the program of
GAUSSIAN 03 suite [30].

RESULTS AND DISCUSSION
The optimized configurations and structures and

the of the three 7-hydroxycoumarinyl gallates
derivatives have been obtained with DFT method. The
gallates derivatives conformers were investigated to
be minima based on the absence of imaginary
frequencies. HOMO and LUMO are related to negative
and positive Fukui indices, respectively. The most
electrophilic and nucleophilic sites of the drug
molecules by the fukui functions predicted.

Table 1 shows the quantum chemical parameters
for 7-hydroxycoumarinyl gallates derivatives. These
parameters give information on the chemical
reactivity of the studied molecules in the gas. The
lower the value of ELUMO is, the more probable that the
molecule would accept electrons. The binding
potential of the 7-hydroxycoumarinyl gallates
derivatives to the SWNT increases with increasing
HOMO and decreasing LUMO energy values. Based
on quantum molecular descriptors, as given in Table
1, compound 12 has a high EHOMO and a low ELUMO
compared to other compounds. The gap between the
HOMO and LUMO energy levels is a major parameter

of reactivity of a molecule.  The calculations indicate
that the compound 11 has a low energy gap. Thus,
moving an electron from the HOMO of the compound
11 to its LUMO is easier than in other two derivatives.
This means that this drug could have a better
performance.

Absolute hardness, ionization potential, chemical
potential and softness are important properties to
measure the molecular reactivity and stability. Table
1shows that compound 11 has the lowest hardness
and the highest softness. The ability of molecules to
accept electrons may be explained by the
electrophilicity index. It is a measure of a system’s
energy stabilization after the system accepts the extra
value of electron charge from its surroundings.

Compound 12 has the lowest value of electro-
p h i l i c i t y . The polarity of a molecule demonstrates
its dipole moment. Compound 12 has the highest value
of dipole moment in phase. Here, the combination of
gallates derivatives   as anticancer drug and armchair
(5, 5) carbon nanotube by ONIOM2 is shown in Fig. 2.

Fig. 2.  gallate derivative (11) and armchair (5, 5) SWCNT
(ONIOM2)

Table 1. Quantum chemical descriptors for the studied compounds

Molecular descriptor 11 12 13 CNT 5,5
HOMO(ev) -6.3810 -6.3487 -6.5623 -4.4352
LUMO(ev) -2.2471 -2.1342 -2.2286 -2.6724
Gap energy(ev) 4.1339 4.2145 4.3337 1.7627
Ionization Potential(IP) 6.3810 6.3487 6.5623 4.4352
Electron Affinity(EA) 2.2471 2.1342 2.2286 2.6724
Global Hardness(η) 2.0669 2.1072 2.1668 0.8814
Global softness(σ) 0.2418 0.2373 0.2307 0.5672
Electrophilicity(ω) 4.5021 4.2686 4.4581 7.1646
Chemical potential(μ) 4.3140 4.2414 4.3954 3.5538Dipole moment(μ) Debye 2.0439 8.2017 6.8671 0.0000
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The integrated energy for the two-layer ONIOM
approach is defined as:

    (1)

Where ‘Real’ defines  the full system, which is
behaved d at the ‘Low’ level, and ‘Model’ defines the
part of the system for which the energy is computed
at both ‘High’ and ‘Low’ levels. One can see that the
method can be as an extrapolation scheme. Beginning
at ELow model, the extrapolation to the high-level
calculation (EHigh, Model – ELow, Model) and the extrapolation
to the real system (ELow,Real – ELow, model) are supposed to
give an approximation for EHigh, Real. The ONIOM
approach enables an extrapolated energy (EONIOM2) for
a system division in this method.

Binding energy (BE) analysis of the appointed
complexes allowed the basic aspect of the gallates
derivatives   as anticancer drug and armchair (5, 5)
carbon nanotube interactions to be assigned based
on the ONIOM approach. The calculated binding
energies at the B3LYP/6–31G (d): UFF level of
calculation for the optimal configuration between
gallates derivatives   as anticancer drug and armchair
(5, 5) carbon nanotube are summarised in Table 2.
Our results clearly indicated that these complexes
have relatively low stability because of low binding
energies, so armchair (5, 5) carbon nanotube can be
used for drug delivery. Among the gallates derivatives,
compound 13 lead to the strongest binding energy.
Also, we have obtained the thermodynamic
parameters of the interaction of gallates derivatives
as anticancer agents and armchair (5, 5) carbon
nanotube with ONIOM2 approach. Based on ONIOM2
approach, can be suggested the following
relationships for enthalpy and Gibbs free energy of
ONIOM2 (QM / MM):

   (2)

(3)

Hence, Enthalpy and gibs free energy of interaction
QM/MM between drug and polymer can be obtained
as followed [31]:

(4)

(5)

The constituents values of the enthalpy and Gibbs
free energy of gallates derivatives   as anticancer
agents and armchair (5, 5) carbon nanotube as drug
delivery evaluated from the ONOIM2 output results
are listed in Table 2.

The standard Gibbs free energy   tell us about
whether the reaction takes place or not, but also it is
used to efficiency the stability constant of the
reaction.

The results obtained from frequency study reveal
that, Gibbs free energy of complexes formed from
gallates derivatives and mentioned nanotube are
negative. This means that the complex formations
are exothermic and are done thermodynamically. The
calculated stability constants are shown in Table 2.
According to the results, the stability constant for
formation of complex 13 is much more than that of
complex 11 and 12.

Results suggest that interaction between drug and
carbon nanotube is relatively weak and carbon
nanotube can be used as a carrier of drug in the
cancerous patients.

CONCLUSION
In this work, calculations were performed to study

gallates derivatives as anticancer agents in gas phase
using density functional theory (DFT). Then
calculations were carried out to study the interaction
of gallates derivatives   to single wall carbon
nanotube (5, 5).

The binding energy between gallates derivatives
and carbon nanotube (5, 5), showed that this energy
decreases from -8.5612 kcal/mol to -15.6568 kcal/
mol in gas phase.

The quantum chemical descriptors of pristine CNT
and CNT- gallates derivatives showed that reactivity
of CNT- gallates derivatives increased comparison to
pristine nanotube. According to the results, all
gallates derivatives under study can be
thermodynamically formed in 298 K. The stability

Table 2. Values of enthalpy, Gibbs free energy, Ebinding, and LnK of
interaction gallates derivatives as anticancer and carbon
nanotube with ONIOM2 (B3LYP/6-31G: UFF) method

compound ΔH0

(kJ/mol)
ΔG0

(kJ/mol)
Ebinding

(kJ/mol) LnK

11 -16.0608 -12.0292 -8.5612 20.3768
12 -22.4073 -18.2790 -11.8696 30.9638
13 -29.0928 -24.4662 -15.6568 41.4445
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constants are calculated thereby showing a
considerably large amount.

Values of enthalpy, Gibbs free energy and Ebinding of
interaction gallates derivatives and carbon nanotube
with ONIOM2 method are almost low and less than -
40kJ/mol.

So the nanotube can be a useful container to
release this drug in the special cells without showing
side effects as a result of damaging healthy cells. In
all complexes, the hyperconjugation effect can be
observed.

ACKNOWLEDGMENTS
I gratefully thank Payam Noor University for

financial support.

CONFLICT OF INTEREST
The author declares that there is no conflict of

interests regarding the publication of this manuscript.

REFERENCES
1.Kumazaki M, Noguchi S, Yasui Y, Iwasaki J, Shinohara H,

Yamada N, Akao Y. Anti-cancer effects of naturally occurring
compounds through modulation of signal transduction and
miRNA expression in human colon cancer cells. J Nutr
Biochem. 2013; 24(11): 1849-1858.

2.Lamoral-Theys D, Pottier L, Dufrasne F, Neve J, Dubois J,
Kornienko A, Kiss R, Ingrassia L. Natural polyphenols that
display anticancer properties through inhibition of kinase
activity. Curr Med Chem. 2010; 17(9): 812–825.

3.Gomes CA, da Cruz TG, Andrade JL, Milhazes N, Borges F,
Marques MP. Anticancer activity of phenolic acids of natural
or synthetic origin: a structure-activity study. J Med Chem.
2003; 46(25): 5395-5401.

4.Goel A, Prasad AK, Parmar VS, Ghosh B, Saini N. Apoptogenic
effect of 7, 8-diacetoxy-4-methylcoumarin and 7, 8-
diacetoxy-4-methylthiocoumarin in human lung
adenocarcinoma cell line: role of NF-kappaB, Akt, ROS and
MAP kinase pathway. Chem Biol Interact. 2009; 179(2–3):
363–374.

5.Kranich R, Busemann AS, Bock D, Schroeter-Maas S, Beyer D,
Heinemann B, Meyer M, Schierhorn K, Zahlten R, Wolff G,
Aydt EM. Rational design of novel, potent small molecule
pan-selectin antagonists. J Med Chem. 2007; 50(6): 1101–
1115.

6. Hejchman EB, Taciak P , Kowalski S, Maciejewska D,
Czajkowska A , Borowska J, Sladowski D, M³ynarczuk-Bia³y
I. Synthesis and anticancer activity of 7-hydroxycoumarinyl
gallates. Pharmacol Rep. 2015; 67: 236–244.

7.Kam NWS, Dai H. Carbon nanotubes as intracellular protein
transporters: generality and biological functionality. J Am
Chem Soc. 2005; 127(16): 6021-6026.

8.Gallo M, Favila A, Glossman-Mitnik D. DFT studies of
functionalized carbon nanotubes and fullerenes as

nanovectors for drug delivery of antitubercular Compounds.
Chem Phys Lett.  2007; 447(1): 105-109.

9.Saito R, Dresselhaus G, Dresselhaus MS. Physical properties of
carbon nanotubes. World Scientific Publishing Co., Inc. New
Jersey Office; 1998.

10.Bianco A, Kostarelos K, Prato M. Opportunities and challenges
of carbon-based nanomaterials for cancer therapy. Expert
Opin Drug Deliv.  2008; 5: 331–342.

11.Kam NWS, Liu Z, Dai HJ. Functionalization of carbon
nanotubes via cleavable disulfide bonds for efficient
intracellular delivery of siRNA and potent gene silencing. J
Am Chem Soc. 2005; 127: 6021–6026.

 12.Feazell RP, Nakayama-Ratchford N, Dai H, Lippard SJ.
Soluble single-walled carbon nanotubes as longboat delivery
systems for platinum (IV) anticancer drug design. J Am Chem
Soc. 2007; 129(27): 8438-8439.

13.Dhar S, Liu Z, Thomale J, Dai H, Lippard SJ. Targeted single-
wall carbon nanotube-mediated Pt (IV) prodrug delivery
using folate as a homing device. J Am Chem Soc. 2008;
130(34): 11467-1176.

14.Liu Z, Chen K, Davis C, Sherlock S, Cao Q, Chen X, Dai H.
Drug delivery with carbon nanotubes for in vivo cancer
treatment, Cancer Res. 2008; 68(16): 6652-6660.

15.Pastorin G, Wu W, Wieckowski S, Briand JP, Kostarelos K, Prato
M, Prato M, Bianco A. Double functionalization of carbon
nanotubes for multimodal drug delivery. Chem Comm. 2006;
11: 1182-1184.

16.Ali-Boucetta H, Al-Jamal KT, McCarthy D, Prato M,  Bianco
A, Kostarelos K. Multiwalled carbon nanotubedoxorubicin
supramolecular complexes for cancer therapeutics. Chem
Comm. 2008; 4: 459-461.

17.Liu Z, Sun X, Nakayama-Ratchford N, Dai H. Supramolecular
chemistry on water-soluble carbon nanotubes for drug
loading and delivery. ACS Nano. 2007; 1(1): 50-56.

18.Athira CR  , Shilpa S , Parvathy CM, Nithya S, Vinothaa V,
Subashini SP, Varun Gopal K, Parimalam P, Krishnan
Namboori PK. Computer Networks and Information
Technologies,computational characterization of CNT-
Papain Interactions for Developing a Biosensor. Springer;
2011.

19.Hamedani S, Aghaie H, Moradi S. A DFT study of interaction
of folic acid drug on functionalized single-walled Carbon
Nanotubes. J Phys Theor Chem. 2014; 11(1): 21-27.

20.Castillo JJ, Rozo CE, Castillo-Leon J, Rindzevicius T, Svendsen
WE, Rozlosnik, Anja Boisen N, Martinez F. Computational
and experimental studies of the interaction between single-
walled carbon nanotubes and folic acid. Chem Phys Lett.
2013; 564: 60–64.

21.Shojaie F, Dehghan M. Theoretical study of functionalized
single-walled carbon nanotube (5, 5) with Mitoxantrone
drug. Nanomed J. 2016; 3(2): 115-26.

22.Dalili Mansour N, Mahboubi F, Nahrjou N. DFT/NBO analysis
of interaction between a CNT and anti-cancer drugs. Int  J
Nano Dimens. 2015; 6(5): 479-86.

23.Badiee M S, Morsali A, Beyramabadi SA. DFT study on the
adsorption of drug cisplatin onto carbon nanotubes. Orient
J Chem. 2015; 31(4): 2053-2057.

24.Dapprich S, Komaromi I, Byun K.S.,Morokuma KFrisch MJ.
A new ONIOM implementation in Gaussian98. Part I. The



Nanomed. J., 4(1): 44-49, Winter 2017

49

N.Madadi Mahani

calculation of energies, gradients, vibrational frequencies and
electric field derivatives. J Mol Struct Theochem. 1999; 461–
462: 1–21.

25.Maseras F, Morokuma K, IMOMM: A new integrated ab initio
+ molecular mechanics geometry optimization scheme of
equilibrium structures and transition states. J Comput Chem.
1995; 16 (19):1170-79.

26.Morokuma K. ONIOM and its applications to material
chemistry and catalyses. Bull Korean Chem Soc. 2003; 24(6):
797-801.

27.Kar T, Akdim B, Duan X, Pachter R.  A theoretical study of
functionalized single-wall carbon nanotubes: ONIOM
calculations. Chem Phys Lett. 2004; 392: 176–180.

28. Bettinger HF. Effects of finite carbon nanotube length on sidewall
addition of fluorine atom and methylene. Org Lett 2004; 6
(5):731-734.

29.Chenv Z, Nagase S, Hirsch A, Haddon RC , Thiel W, Schleyer
PvR. Side-Wall opening of single-walled carbon nanotubes
(SWCNTs) by chemical modification: A critical theoretical
study. Angew Chem Int Ed. 2004; 43(12): 1552-1554.

30. Frisch M J,  Trucks GW, Schlegel H B,  Scuseria G E,  Robb M
A,  Cheeseman JR, Montgomery  Jr J A, Vreven T,  Kudin KN,

Burant J  C, Millam J M, Iyengar SS, Tomasi J,  Barone  V,
Mennucci  B,  Cossi  M,  Scalmani  G,  Rega  N, Petersson
G A, Nakatsuji  H,  Hada  M,  Ehara M, Toyota  K,  Fukuda
R, Hasegawa J,  Ishida  M, Nakajima  T, Honda  Y,  Kitao O,
Nakai H,  Klene  M, Li  X,  Knox  JE,  Hratchian  HP,  Cross
JB,  Bakken  V, Adamo C,  Jaramillo  J, Gomperts R,
Stratmann  R E, Yazyev  O, Austin  A J,  Cammi R, Pomelli
C, Ochterski  J W, Ayala  PY,  Morokuma  K,  Voth  G  A,
Salvador  P,  Dannenberg JJ,  Zakrzewski  VG,  Dapprich  S,
Daniels  A D, Strain  MC, Farkas  O,  Malick D  K, Rabuck
AD,  Raghavachari K, Foresman J B, Ortiz  JV,  Cui  Q,
Baboul  AG, Clifford S, Cioslowski  J, Stefanov  B B, Liu G,
Liashenko  A,  Piskorz P, Komaromi I, Martin R L, Fox DJ,
KeithT,  Al-Laham MA,  Peng  CY, Nanayakkara A,
Challacombe M,  Gill  P MW, Johnson B, Chen W,  Wong
M W, Gonzalez C, Pople  JA. Gaussian, Inc., Wallingford
CT, 2004.

31. Oftadeh M, Madadi Mahani N. A thermodynamic study of
the interactions between acetamide derivatives and PCA-
PEG-PCA copolymers: ONIOM calculations. Phys Chem
Res. 2014; 2(2): 131-136.


