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ABSTRACT
As drug delivery systems Nanoparticulate widely mvestigated hecause nf many ndvantages such as smaller size,
comtrolled drug release poteatial, targeting abifity, enhancement of therspeutic efficacy and reduction af
Loxicity. So, carhon nanotubes have recently received considerable atteatinn as altemative drug delivery carrier.
[a this study we investigate interactinn of tamoxifen with open-end of single-walled carbon nannrubes {SWNTs)
using the Gaussiun 98 program. We have eomputed NMR shielding tensors at BILYP and HF levels by using 3-
21G and STO-3G basis sets in the water. Our results revea! thal NMR chemical shielding parameters are
strongly affected by snducing solvent media. Regarding 10 our ptted graphs of 6., , Doy, An, 77, § ia different
methnds and basis sels. the largest oy, values obtained for Oy atom at the HF in $TO-3G  whereas the smallest
nne beinnged 1o Cy. It is interesting to note that the apposite trend have been nbserved for asymmetry

parametersiTy),

Keywards: Tamoxifen; NME parameters; SWNT: Wa

INTRODUCTION

The development of new and efficient drug delivery
systems is of fundamental importanee (o impmve the
pharmacological profiles of many classes  of
therapeutic molecules Many different types of drug
delivery systems arc currently availnbie. Withio the
fomily of nanomaterials, carboa nanntubes (CNT) have
cmerged as a4 new altemative and effieient tool for
transporting and translocating thernpeutic molecules.
CNT can be fuactionalised with broactive peptides,
protcins, nucleic acids ond drugs, and used to deliver
their cargns ta cells and argans. Because funetionalised
CNT disploy low toxicity nnd are oot immunogenic,
such systems hold grest potential in the field nf
nonabintechnology and nanomedicine.
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The structure of 2 SWNT can be coaceptualized
by wrapping a oac-atom-thick layer of graphile
called graphene into a seamless cylinder. The
way the graphene sheet 1S wrapped is represented
by a pair of 1adices (m.m) colled the chiral vector.
The iatepers # and m denote the number of unit
vectors nlong two dircetions in the honeycomb
crystal Inthee of grapheae. If m = 0, the
nanotubes are cailed "zigzag". If 1 = m, the
nanotubes are called "armehnir™. Otherwise, they
arc  colled  “chirnl", These  tumerous
characteristics make them very desirable in many
fields nanotcchaology, eicctronics, optics,
architecture and the medical field Combining
carbon asnetubes with binlogical systems can
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significantly improve medical science especially
diagnnstics and discase treatment. Nothing has
been fully developed and finalized yet, but we
scc  progress ; every day. Scientists bhave
discpvered that nanntubes, when exposed to
infrared light, tend to beat up tn 160°F (70°C) in
just 120 seconds. If they are placed inside the
cancer cells, they simply destrny them. Tesiings
alsh showed that mfrared has no effects nn cell
where nb nanotubes are placcd. This could Icad
tn develnpment Bf a cancer-killer.
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Fig. 1. The schematic diagram of Tamexifen
structure that interscted o SWNT,
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" Carbbn nanotubes can also be osed as blood
vessels in Drder to deliver drugs to their target,
When the drug delivery is donc that way, the
drug dnsage can be lowered There arc two
methods, both cqually cffcetive, a) the drug can
be attached to the side or behind, h) or the drug
can actually be placed inside the nanDtube,
Tamoxifen, a member of the Sciective Estrogen
Receptor Mod- ulator (SERM) fanuly(see fig 1},
bas been widely used in the treatment of estrogen
receptor { ER } - cxpressing hreast cancer [2-4).

Becanse antimmnbur effects have heen
predominantly Bhserved in patienmts with ER-
phsibve lumburs, it is gencrally accepted that
the primary action Bf hydroxytambxifen, its
active metabolite, is mediated thraugh
inhihition of the ER pathway. But, it has
previously been shown thal sbmec ER-negative
cancers alsn respond to tamBxifen, [5.6] which
means that the molecule can be aetive because
of an ER-independent antiumbur mechanism
that has not vet been clearly identified [7].

TamnBxifen works againsl the effects of

estrogen on these cells (an “anti-cstrogen™) slows
the growtb of cancer cells and provents original
breast cancer from  cctoroiog. I alse has

bencticial effects  of mcnupausal estrogen
replacement therapy such as lowering of blood
chnlesterol and slowing of nsteoporosis. ||

The combination nf SWNTs with drog important
structures, such as amnxifen nr polypeptides, is
particularly intriguing since it opens the door to
novel Dbintechnnlngy and  nanntechnnlogy
applications [9]. SWNTs can be bind to the
phlymers and biological system such as DNA,
carbohydrates and drugs{12]. Recently Ineratures
have shown that tamixifen binds to SWNTs with
covalent and non-covalent conjugations [14-16],
but the details nf these interactinas have vet
many questions. L,

In thiz paper, the tamnxifen interactiln ‘with
npen-end of SWNT and water cffects Dn this
interscetinn have been investigated. N

Nuclear — magnetic  resbnance  (NMR)
spectroscopy is @ valuahle techmique for
obtaiming chemical informatinn, This is because
the spectra are very sensitive to changes: in the
molceular structure. This name sensitivity makes
NMR a difficult easc for molecular modeling
[1G-12). WMR spectroscopy is a powerful tonl
for study the structure dynamics and inkcraction
of biplogwcal malccule such as protem and
nucleic acids in solutibin [13-18]. -

As we know the effect of water on proteins
plays an important rilc in the chemical behavior
of them and the effects span 2 considerahle range
and are giverned primarily by Solvent pelanty.
30 in Bur current rescarch, we have theoretically
studied the cffeets of water and gas phase o the
chemical shielding parameters of °C, ISN 10,
'H, nuciei invalving in complex and its structural
stability. s f

|

COMPUTATIONAL DETAILES

In the present work, we modeled structure of
tamexifen and coupled with SWNT by selected
atoms with chem. office pagkage and then
optimized at the Hartree-Fock and BILYP levels
of theory with 3-21G and STO-3G hasis sets.

Density functional theory (DFT) implemented n
Gaussian 98 [29] for the vacuum and shlvent
effects which provided logical aceuracy and arc
particularly soitable for the study of defects in a
wide tange of materials [30]. DFT 1s hased on a
theorem duc to Hohenberg and Kohn, which
statcs that all pround state properties arg
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functions of the total clectronic eharge density
p{r) [31-32].
To account for the solvent effects, the self-
consistent reaction field (SCRF) method is mnst
commenly wsed [35). Hence, SCRF based mn
Onsager madel used to inciude the effects of the
spivents on tamoxifen interactitn with open-epd
of SWNT.
After fully optimizatinn of tamoxifen interactinn
with opep-end of SWNT, we have caleulated
NMR parameters using the density finetional
BILYP and HF methed by Gauge Including
Atomic Orhitais (GIAO} and have been reported
in tabies 1-3. For more investigation of levcls
and basis scts cffect, the graphs of nbiained
NMR parameters versus sclected atoms have
heen evaluated.

Fig. 2. Aand B arc schematic diaprams of umoxifea
interaction with opec-end of SWNT.
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RESULTS AND DISCUSSION

Many investigatbons have heen done on
tamoxifen interaction with SWNTs whercas
interacting quality fir practical area is impnrtant
In this week, we camied put thenrctical study
about this interaction and cxplored 1he
interactitn between tamnxifen with ppen-end nf
SWNT (Fig.2) tr develnp practicai applicatian of
tamoxifen interaction with SWNTs.

In Fig.i the interactinn between tamoxifen
atorns bas been displayed with ppen-epd rf
SWNT atoms. To demonstrate of this application
of this interaction, the calculated physical
propetties have been investigated in vacuum and
solvents which are important in melecular
properties. According to Fig.l, the ritrogen,
oxygen, carhen  and hydrogen atoms of
tampxifcn interacted to carbor atoms of SWNT,
under influence of circularly interactinr a densc
region creatcd wn interaction site. We have
investigated the structural and electrical reasons
fiir this fact.

In tahle 1-3, chemucal shift anisotropy
asymmetry (1) , isotropy (o iso) , anisptropy (o
aniso), and Ao and chemicai shifi tenspr { 8) arc
observed for PC. "N | U0, 'H muclei in
interaction site pf tamoxifen intcracted with
SWNTs with respect tn HF and BiLYP tevels of
theory and 3-21G and STO-3( basis sets. The
diagram of NMR parameter has hcen drawn at
the levels in different basis scts for atoms of
tamnxafen interacted with SWNTs (Fig.2).

As expected. the NMR shiclding tensors of
He, N, Y0, 'H nuclei are drastically affected
by what it is bonded to and the typc of bond to its
neighhor. Our obtained results yielded strong
evidence that intermolecular cffects such as
taimoxifen mteraction with ppepend of SWNT
Fla}r very important rolc in determining the C,
N, Y0 ' 1T -NMR chemical shielding tensors
of active site of tamnpxifen.

For O4; atom which interacted with SWNTs.
the oiso component showed the largest
intermilecular effects and it shows positve
shielding valucs at the HF i STO-3G basis set
whereas the smallest 1 belongs to it at the HF in
STO-3G basis set . After Oy3, Ny shows positive
shieiding values at the HF in ST(-3G basis sct
and the smallest n belopgs it at the 1TF i 3-
213 hasis sel.

Fig. 3 b. shows thal, at three methods ¢ aniso
value of Ciq is increased.
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Atom T iso o aniso As T &
cx7 67,7629 652363 -12.9663 S0UTERIZ | 436442
L34 B1.4763 1852129 1852129 0561350 | 123.4752
Nig et 15773 -1 5334 35401 T.689
39 §523T0 134 6004 2217233 020420 | 1478153
C42 19732 67.6476 676476 0211635 | 450984
043 3732640 T3.0385 -58. 36205 -[.76634 58,908
Ca4 t80. 1912 70.0900 TOENNS 0355709 | 467267
Hig 3H0.T4 125187 12,5187 0 139375 83458
34 29,1089 5 7506 -1.79395 NATEE6 51950

end of SWNT in water at the jevels of RHF/3-210 theory

Atom s T AMNISO A | &

c2a7 43,1051 2542409 -333.5u8 052328 | 2223347
Ci4 28.2009 FOTRIE9 197.812 0251894 | 1315747 |
[SEE 236.9%3 226763 -24.4014 -0, B3R57 162670
C39 2040322 | 1944544 1944644 7419 124 643
C42 1732324 53.5668 53,5008 0115342 | 357112
043 304 9508 £4.2407 -84 7266 051642 | o484 .
Ca4 46,3885 67 4331 6743315 0430456 | 449554
Hs50 301777 12,4295 12 42955 3.2596491 B. 28064 1
Hs4 275090 7129 -14 3769 021207 4.5846

Atom o ixd o Aoiso A 1 i)
27 T3.8307 158 3043 =102 B8 Na4ad8 | 1285788
C34 T1.12%1 150 0085 =190 996 0580228 | 1273306
N3g 207,067 19.8262 =36 1905 009363 1,427
39 1930047 | 3324962 293.0327 G.134673 | 1953 55;:!
41 1484710 753014 73 30145 0 150497 50201
O3 2487050 T2AT01 -$3.7014 <0 Tipdl 558000
Cd4 121.3629 ®0 7530 80 75395 0417184 53,816
H3D 287609 87130 N REEL] 0 596331 6.1262
H54 242619 79317 T.893T65 -N.TI7ED 52918
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Table 2. NMR parameters (ppra} of C N,O. H nucie involving in aetive site tamoxifen mtemctmn with upn:n-

!

|1l
ot

Table 1, NMR parameters (ppm)of £ ,N,0, H nuclei involving i& active sile tamoxifen interacted with opefi-end
of SWNT. 1a water at the ievel of RHF/STO-3G theory

Table 3. NMR parameters (ppm) of C, N. Q. H nuciei invobving in active site tamoxifen interaction w1t11 npen-
end of SWNT 1 water at the level of BILYPI3-21G theory in GIAO method
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Fig. 3. The graphs of u) isotropic shielding values (sise) , b) anisttropic shickding valueioaniso) , ¢) indirect
shielding (Ac), d) chemical shift tensor (8), &) usymmetry parameters(n)) , of propose atoms of active site
tarnoxifen interaction with opeo-end af SWNT | in water at the levels of HF/STO-3G, HF/3-21G and B1LYP/3-
2107 theories in GLAQ method.
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CONCLUSION

The results reported in this paper indicates that it
15 posgibile ‘to measure NMR tensors of various
nuclei invelving m hiclogical compounds in the
presence water theoretically. As expeeted, the
NMR shielding tensors of C, "N , "0. 'H
ouclei arc drastically affected hy wlmt it 1
booded to and the type of hond io its acighbor.
we have showed the interaction herwcen
tamoxifen and SWNT to increascd the practical
applicatiaos  of  tamoxifen/SWNT  system.
tamoxifen interacts with open-end of SWNT
circularly. According to the results, in interaction
place there is a optimum level of shiclding
values. Densc region that ereated in mteractioo
place has effective rolc on tamoxifen/SWNT
system. Our results from DFT calculatioos show
that the densc regios has unique electrical and
structural cature Therefore, it can be szen s

REFERENCES

[1] B.J.A. Fumr, V.C, Jordan, The pharmacolagy
and clinical uses of tamaxifen, Pharmacol.
Ther. 25 (2} (1984) 127-205.

[2] V.C. Jordan, Tamoxifen (ICM6474) as a
targeted therapy to treat and prevent breast
cancer, Br. I. Pharmacol. 147 (Suppl. 1)
(2006).

[3] L. Wickerham, Tamoxifen — an update ao
curtenl data and where it can now be used.
Breast Cancer Res. Treat. 75 {Suppl. 1)
(2002).

4] G.J. Goldenberg, EK. Froese. Drug amd
harmone Sensitivity of astragen
receptorpositive and -negative human breast
cancer cells in vitro, Cancer Res. 42 (12)
(1982) 5147-5151.

[5] E.P. Gelmann, Tamoxifen for the wreatment
of mabgnaneics other than breast and
endometrial carcinoma, Semin, Opeol, 24 (1
suppl. 1) {1997}

[6] P. De Medina, G, Favre, M. Poirot. Multiple
targetiog by the antiumor drug tamoxifen: a
structure-activity study, Corr. Med Chem.
Anti. Canc, Agents 4 (6) (2004} 491-508.

[7] G. Lu, P. Maragakis, E. Kaxiras. Nano
Lett.5.5 (2005) 8G7.

[8] T. Ramanathan, F. T. Fisher, R. 8. Ruoff,
L. C. Brinson. Chem. Mater. 17 (28035)
1290,

FJ
type of interection with unique properties which
is effective on practical applications of

tamoxifen/SWNT system like drug delivery.

In conclusion, we have shown that theoretical
caleulatians can be used to successfully solve
chemical and physical prohlems. In simmiarly
with experimental methods, they involve
assumptions and interpretation, and they have
their lunitations, but there are many prohlems
that are best studied hy theory. Thus, theoretical
methods have become a campetitive alternative
to caperiments for chemical aod physical
investgahans. Ll

)

[9] A. Star, E. Tu, J. Niemann, J.Chnistophe,
P. Gabriel, C. S. Ininer, C. IValcke.
PNAS. 41,03 (2006) 921, ¥

[16] C.Hu, Y. Zhang, G. Bao, Y. Zhang, M

L. Z. L. Wang. I. Phys. Chem B. 43

109 (2005) 20072, "I

[11] M. E. Hughes, E. Brandm,*J. A
Golovchenke. Nano. Lett. 5, 7 (2007)
1191, A

[12] M MuhlEncycl Camput Chem.3. 1998,
1835, N

[13] C J Jameson , H J Osten.Annual Reports
on NMR spectroseopy .17, 1986, 1.

[14] C J Jameson. Annual Reports on NMR
spectroscopy.21.1989.51. A

[15] B Furtm. C Richter. J H Schwalbe. Chem
Biochem 2003.10-36. " |

{16] S. E. Bucher. ] M Burke. Biochemustry.
331994, 992-004, .

[17]) T ) Warren. P B Moore. T Blumnl NME.
20, 2001.311-323.

[18] S A Me Cegllum, A [ Pardi % J Mol
Biod 325 2003 843-850.. I

[19] Frisch, M.J.; Trucks, G.W.; Schilcgel,

HB.; Scuseria, G.E; Robb, MA.
Cheeseman, LR.; Zakrzewski, V.G.;
Montgomery, 1A, Ir.; Stratmann, R.E.;
Burant, J.C.; Dapprich, S.;‘iMilIam:




K. Shzhanipour e1 2l {J. Phys. Theor. Chem. IAU Iran, 7(1); 53-59, Spring 2010

JM.; Daniels, A.D.; Kudin, KN.
Stram, M.C.; Farkas, Q.; Tomasi, J.;
Barone, V.; Cossi, M,; Camm, R.;
Mennucci, B.; Pomell, C.; Adamo, C.;
Clifford, 5.; Ochterski, J.; Peterssoo,
G.A; Ayala, P.Y.; Cui, Q.; Morokuma.,
K.. Malick, DK, Rabuck, AD.
Raghavachari, K.; Forcsman, JIB.;
Cioslowski, J).; Oriiz, LV Bahoul,
AG; Stefanov, BB, Lwn, G;
Liashenke, A.; Piskorz, P.; Komaromi,
L: Gomperts, R.; Martin, R.L.; Fox,
D.J; Keith, T.; Al-Laham, M.A.; Peog,
C.Y.. Nanavakkara, A.; Gonzalez, C.;
Challacombe, M.. Gill, PMW,;

59

[20]

[21]

Johnson, B.; Chen, W.; Wong, M.W ;
Andres, JL.; Gonzalez, C.; Head-
Gordon, M.; Replogle, E.S.; Pople, J.A.
(raussian 98, Revision A.7, Gaussian,
Inc.: Pittsburgh PA; 1998,

M. Monzjjemi, , M. H Razavian, F.
Mellaamin F. Naderi, and B.Honarparvar,
Russian J.Phys.Chem A, 13, {2008) 113.

F. Mollaamin, M. T Baei, M. Monajjemi,
R.Zhiani, and B. Honarparvar, Russian J.
Phys. Chem A 80, 13(2008) 190.

[22) A. Maiti, Microelectronics 39 (2008)

208.

[23] C. Lee, W. Yang, R. G. Parr, Phys. Rev

(1998) 785.




