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ABSTRACT: Having conducted fundamental projects, scientists have expressed their hope to develop the use of
carbon nanotubesto release drugs. It isimportant to release drugsin cell without damaging healthy cell s of tissuesunder
study. Researchers have shown the fact that nanotubes can perform this function perfectly. To this objective, in the
present study theinteractions between four anti-cancer drugswith acarbon nanotube (CNT) (6,6), containing 60 carbon
atoms, have been investigated. It is noteworthy that all of these drugs have functional groups, from which the reaction
with the nanotube can take place. The Density Functional Theory (DFT) calculations have been performed by Beck,
three-parameter, Lee-Yang-Parr (B3LY P) method and 6-31G(d) basis set for full optimization of drugs, nanotube and
theformed complexes. The Natural Bond Orbital (NBO) analysisand frequency cal culations have been al so performed
for all structuresusing B3LY P method and 6-31G(d) basis set in 298K . According to theresults, among all drugs under
study, only two complexes between Carmustine and nanotube can be thermodynamically formed in 298K. The stability
constants are cal cul ated thereby showing aconsiderably large amount. Therefore, the nanotube can be a useful container
for this drug. Also, NBO analysis shows that there exist hyperconjugative effects arising from an overlap between

occupied orbitalsin drugs and unoccupied orbitalsin nanotube.
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INTRODUCTION

The outstanding mechanical and electronic
properties of carbon nanotubes make them interesting
candidatesfor drug delivery. Nowadays, in the modern
world of medicine, the carbon nanotubes have proved
their capability of passing through the cell shell. This
has made scientists believe the point that such tubes
can be used in releasing active drug moleculesin the
cells, especially the sensitive and essential molecules
for particular diseases like cancer, AIDS and etc. To
prepare these material sfor such animportant function,
their physical and chemical properties have been
investigated by many scientists [1]. Regarding to this
interest, insoluble drug release from silica nanotubes
[2] and the interaction of amphetamine and nanotubes
[3] were investigated in drug delivery. Also the
adsorption of leflunomide on zigzag carbon and boron
nitride nanotubes has been studied [4]. Simultaneously,
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the adsorption of pristine and Al-doped boron nitride
nanotubes with some platinium- based drugs [5] and
application of a doped carbon nanotube composite in
selective determination of an anticancer drug were
investigated [6]. The ability of carbon nanotubes to
release small molecule was among thefirst researches
which have been done in drug delivery [7].

Applying different functional groups with their
particular propertiesin various body cellsisaconcept
that is issued in the field of biomedicine. However,
identification of these functional groupsand covalent
or non-covalent bonds between nanotubes and these
functional groupsis a noticeable subject in chemistry
[9]. Themainaimin drug delivery isto releasedrugsin
destroying cells (such as cancer cells) without
damaging healthy cells of the tissue that is being
treated [8]. To achieve this goal, this work has made
endeavors to investigate the interactions between a
nanotube and some anti-cancer drugs. The selected
drugs are described in the following. The first one is
Carmustine or BCNU (bis-chloroethylnitrosourea),
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simply defined as a mustard B-chloro-nitrosourea
compound which is used in chemotherapy that is also
appliedinthetreatment of several typesof brain cancers,
multiple myeloma and lymphoma [9]. Regarding the
second category, it can be noted that
Cyclophosphamide or cytophosphane, is nitrogen
mustard obtained from the oxazaphosphorine group.
Furthermore, it is used to treat some diseases like
cancers and autoimmune disorders. The main use of
cyclophosphamideisto treat lymphomas, brain cancers
and leukemia [10]. The third one is Dacarbazine, an
antineoplastic chemotherapy drug which treats
malignant melanoma, pancreas carcinoma, sarcoma, and
Hodgkin’s lymphoma. Dacarbazine is used as an agent
in metastatic melanomatreatment [10]. Doxorubicin, the
fourth drug noted above, is used in cancer
chemotherapy. Notably, it is derived from bacterial
species. Doxorubicinisused for treatment of leukemia
and Hodgkin’s lymphoma, stomach, breast, lung,
thyroid, ovaries cancersand so on [11,12].

Similarly, like many chemotherapy drugs, these drugs
may have numerous serious side effects because they
not only interferewith cancer cell growth but also with
normal cell growth. Among the significant and serious
side effectsare birth defects, immune defect, headache,
fatigue and diarrhea[10].

To prevent these side effects, in this work the
interacting ability of an armchair nanotube (6,6)

(length=6 4), containing 60 Carbon atoms, with the

mentioned drugsisinvestigated. So far, the probability
of occurring covalent interaction between the
mentioned drugs and carbon nanotubes (CNTs) has
not beenreported. Thischemical interactionisstudied
in thiswork as a new approach to drug delivery.

EXPERIMENTAL

All calculations were performed using Density
Functional Theory [13] with ahybrid functional B3LY P
[14] and 6-31G(d) basis set in 298K. The work was
carried out on a personal computer using ab initio
quantum chemistry package (Gaussian 03) [15],
Nanotube Modeler05 [16], GaussView05 [17] and
Hyperchem7 [18] in order to study the possible
reactions between C_H, , nanotube with the functional
groups of the above-mentioned drugs.

It is considerable that some of these drugs have
more than one functional group which can react with
CNTs. For example Carmustine hastwo chloride groups
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as the sites where the reaction of nanotube with the
drug can take place from. After full geometry
optimizations, the frequency and Natural Bond Orbital
(NBO) studies[19] were performed.

RESULTSAND DISCUSSION
Interaction with Carmustine

Asit canbeseeninFig. 1, Carmustine hastwo sites
to interact with the selected nanotube. Figs 2 and 3
show theformed complexes (complex 1 & 2) obtained
from Carmustine (as an anti-cancer drug) and the
mentioned nanotube. The obtained results, calcul ated
from frequency study and NBO analysis, areindicated
in Tables 1 and 2 respectively.

Freguency Analysis: It is clear that the enthalpy of

areaction (44 ") shows how much heat flowsin or out

of the reaction. The entropy (45°) shows whether
reactants are more disordered than products or not.

cl Site 1

V4

Site 2 N
\

cl
Fig. 1: Carmustine molecule and its two mentioned sites
for reaction.

Fig. 2: The formed complex between first site of Carmustine
and nanotube (6,6) (Complex 1).
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Fig. 3: The formed complex between second site of Carmustine and nanotube (6,6) (Complex 2).

Table 1: The frequency results for complexes formed between Carmustine and nanotube (6,6).

Agent A5 /kealmol 1K1 AH® fkcalmol ™t AE® /kcalmol ™t AG® fkcalmol™t LogK
Complex 1 -0.0029 -15.0103 -15.0125 -14.1421 10.37
Complex 2 -0.0927 -143.4444 -142.8507 -115.8076 84.94

Table 2. The NBO results for complexes formed between Carmustine and nanotube (6,6).

Agent Donor Occupancy Hybrid  Acceptor EJkcalmol  ZE,/kcalmol !

Oc1-c2 G*El- c72 110
0C1- €2 1.97223 gp2 9 69 65- C72 1.65
Oci1-¢2 Tc71-C¢72 2.19
Oc1- H12 Oc1-c72 0.59
ocLmz 198122 SPYM oiiic 3.55

Complex 1 0C1. n13 6;65- 72 1.88 17.11
Oc1. Hi3 1.97595 SP*® 61 2.09
0c1-c72 e 0; 65- C72 1.49
Oc1.c72 1.97248 SP Oc71- C72 2.57
0¢9- H19 - 0';28- €30 1.46
0c9. H19 1.97149 SP T[C*ZS_ C30 3.40
GC9- H20 Oc9- 30 0.67

Complex 2 6cq. 120 1.97247 Sp34 O 98 30 6.23
O¢9- c30 2t 0; 28- €30 091 1531
ooz 197696 P 6029- €30 2.64

Finally, not only doesthe standard Gibbsfree energy
(a5") tell us about whether the reaction takes place or
not, but also it is employed to yield the stability
congtant of the reaction [20]. The results obtained from
frequency study reveal that , and of both complexes
formed from Carmustine and mentioned nanotube are
negative. This means that the complex formations are
performed thermodynamically. The cal cul ated stability
constants are shown in Table 1. The reactions are
exothermic and less disordered. So the enthalpy is a
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suitable factor and the entropy isan ill-suited factor to
form the compl exes thermodynamically. According to
the results, the stability constant for formation of
complex 2 is much more than that of complex 1.
Therefore, it can be proved that site 2 in Carmustineis
more suitable for reacting with nanotubes. As aresult,
it can be noted that the interaction between nanotube
and Carmustine takes place in this site.

NBO Analysis: In this work, a study of
hyperconjugative interactions has also been
completed. Hyperconj ugation can be astabilizing effect
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which is made from an overlap between occupied and
unoccupied orbitals, when they are properly oriented.
This bonding-antibonding interaction which is
noncovalent can be quantitatively presented as NBO
approach. A second order perturbation interaction
energy (E2) can describe this interaction [19]. The
resultsreveal that hyperconjugation effect in complex
1lismorethanthe onein complex 2. Thisnoncovalent
bonding-antibonding interaction is produced by
overlapping between the orbitals of selected drug and

thec* or =* orbitals of Carbon atom in the mentioned

nanotube. The calculated occupancy and hybrids are
shown in Table 2.

Interaction with Cyclophosphamide

Fig. 4 shows that Cyclophosphamide has one site
to interact with the selected nanotube. Indeed, it has
two chloride groups which are the same. Fig. 5 shows
the formed complex (complex 3) obtained from
Cyclophosphamide (as an anti-cancer drug) and
nanotube. The obtained results, calculated from
frequency study and NBO analysis, are shown in
Tables 3 and 4, respectively.

Frequency Analysis: The results obtained from
frequency study reveal that andof the complex formed

The mentioned site

H
H N\H /N H
H oO—p

\\ H cl
H o)

Fig. 4: Cyclophosphamid molecule and its mentioned site
for reaction.

Fig. 5: The formed complex between Cyclophosphamide
and nanotube (6,6) (Complex 3).

between Cyclophosphamide and mentioned nanotube,
are positive. Whereasis negative. Thismeansthat this
complex formationisnot performed thermodynamically.
Thus, the stability constant cannot be calculated. The
formation is endothermic and less disordered, so the
enthal py and the entropy are unsuitablefactorsto form
thiscomplex thermodynamically.

NBO Analysis: According to theresults, there exist
hyperconjugative effects in this complex. This
noncovalent bonding-antibonding interaction is
produced by overlapping between theorbitals of the
selected drug and the * or orbitals of Carbon atom in
the mentioned Nanotube. The calculated occupancy
and hybrids are provided in Table 4.

Interaction with Dacarbazine

Fig. 6 indicates that Dacarbazine has two sites to
interact with the selected nanotube. It has two amine
groups in which the reactions with the nanotube take
place. Fig.s 7 and 8 show the formed complexes
(complex 4 & 5) obtained from Dacarbazine (as an anti-
cancer drug) and this nanotube. The obtained results,
calculated from frequency study and NBO analysis,
are shown in Tables 5 and 6 respectively.

N

k~‘ I'
e \;
H "
/\ N & ‘
H N/

Site 2
Fig. 6: Dacarbazine molecule and its two mentioned
sites for reaction.

Fig. 7: The formed complex between first site of
Dacarbazine and nanotube (6,6) (Complex 4).
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Table 3: The frequency results for complex formed between Cyclophosphamide and nanotube (6,6).

Agent AS? /kcalmol 'K™*  AH®/kcalmol ™!

AE® /kcalmol 1

AG® /kcalmol 1

LogK

Complex 3 -0.0090

2.0432

2.0439

4.7145

Table 4: The NBO results for complex formed between Cyclophosphamide and nanotube (6,6).

Agent Donor Occupancy Hybrid  Acceptor  Ej/kcalmol!  XE,/kcalmol~?*
0C10-H23 Oc10-cs2 0.52
Ocio_mpz 198147 SPP* gt 3.57
Oc10-H24 43— C52 2.11
Gcio—mza 197596 SP¥T i 1.85
Complex 3 0¢C10-C52 Oca3—cs2 2.63 17.24
Gcio_csy 197370 sPE gt 1.51
Gco-c10 Oc10-cs2 1.2
Gco-c10 1 97544 qp257 Ocas—cs2 23
Gco-c10 OCs2-C60 1.55

Table 5: The frequency results for complexes formed between Dacarbazine and nanotube (6,6).

Agent AS° /kcalmol K™  AH®/kcalmol™?*

AE°® /kcalmol *

AG®/kcalmol™* LogK

Complex 4 -0.0137

17.8847

16.4043

21.9572

Complex 5 -0.0140

12.3845

10.9042

16.5543

Table 6: The NBO results for complexes formed between Dacarbazine and nanotube (6,6).

Agent Donor Occupancy Hybrid Acceptor Ey/kcalmol! YE; /kcalm
Oc70-¢72 4.74

Complex4  LP(1)N1 1.53784 SPP®DOL  OC71-¢72 3.66 14.39
Me71-c72 3.99
OC53-C54 3.02

Complex 5  LP(1)N1 1.66426 spesspoe  TCs3-—css 17.61 23.36
OCs3-C55 273
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Fig. 8: The formed complex between second site of Dacarbazine and nanotube (6,6) (Complex 5).

Frequency Analysis. As it can be seen, andof the
complexes formed from Dacarbazine and mentioned
nanotube are positive, but is negative. This means that
the complex formation is not performed
thermodynamically. The stability constant therefore
cannot be calculated; the formations are endothermic
and less disordered. So the enthalpy and the entropy
are ill-suited factors to form the complexes
thermodynamically.

NBO Analysis: The results show that
hyperconjugation effect in complex 4 islessthan that of
complex 5. This noncovalent bonding-antibonding
interaction isproduced by overlapping between the lone
pair electron of Nitrogen in Dacarbazine and the s or ©
orbitalsof Carbon atom in nanotube. Table 6 showsthe
calculated occupancy and hybrids.

Interaction with Doxorubicin

Asit canbeseenin Fig. 9, Doxorubicin has several
functional groups to interact with the selected
nanotube. At first, one of its alcoholic groups was
selected as the interaction site. The reason of
selecting this functional group among the other
functional groups is the fact that it has less steric
hindrance in comparison with that of the other ones.
Fig. 10 shows the formed complex (complex 6)
obtained from Doxorubicin (as an anti-cancer drug)
and the mentioned nanotube. The obtained results,
calculated from NBO analysis, are shownin Table 7.

Frequency Analysis. Unfortunately, as a result of
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the enormous size, steric hindrance and the
complexity of the molecule under study, the applied
computer in thiswork did not manageto calcul ate the
frequency data. Therefore, the other sitesof thisdrug
have not been investigated.
NBO Analysis: According to the results, a large
hyperconjugative effect can be discovered in this
complex betweenthe lone pair of electron in Oxygen
of Doxorubicinand the” or orbitalsof Carbon atomin
nanotube. The calculated occupancy and hybrids are
showninTable 7.

CONCLUSION

In this study, the complex formation probability
between some anti-cancer drugs and an armchair
nanotube was investigated. According to the results,
among al drugs under study, only two complexes
between Carmustine and the mentioned nanotube can
be thermodynamically formedin 298 K. The stability
constants are calculated thereby showing a
considerably large amount. So the nanotube can bea
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.
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Table 7: The frequency results for complex formed between Doxorubicin and nanotube (6,6).

Agent Donor Occupancy Hybrid Acceptor Ey/kealmol! LE,/kcalmol™
O¢98-C100 6.23
LP(1)066  1.95425 §p203 Tios_cos 2.03
| OC98—C99 4.57
Complex 6 TCog—Co9 8.43 43.7

LP(2)066  1.88938  SPR%D!  Ofeg r1go 2.10
p 17.61

Mes3—Cs5 :

*

O¢53-Cs5 2.73

The mentioned site

Fig. 9: Doxorubicin molecule and its mentioned site for reaction.

Fig. 10: The formed complex between Doxorubicin and nanotube (6,6) (Complex 6).
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