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> Encapsulation
® Infarction
! Hydrophilic
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' Anti-cancer drug

? Nanocarriers

? Enhanced permeability and retention effect
* Derxler

ot Jlo| ¥ oyled [VFer yliuo; 5o



sloogyS 5l ol 4 1) 393 Wl oo (SIS 98
5 eVlssS SaiiSany oo ) St 5 J (el
st & Sl ul o NS Lo (g, 53 &) (iVlggS b
IV] 590 a5, s ols

$ b oS pbaddpl & wade plis piagg (pixen
ol g 53 1) (o lord o Jele o 1S5 b,
3 A5 (358) il slarlSo oo 51 Sgbses wirge
" o 4wty gkl 5 olewdl slid b
Jsko & (DNA 5 figys b) o5 o Jele slaalgsls 35
OSed 5 gawge NI Jlo o [A] Cuol ond slpiin
1y QeSS (o) b olyen (Sl 35 el
o Bl 65,8 oy DPPC® gand aYed slié Caow
odd Colla JoSlge Sealiny (giluands 5l sl L 1) 18
clie el JsSge 3ass 5 dglgil 3ob5 puanilSo duglio )y
plol Jolate (slacie o cob > dgleil oyes jd 0 )l
Sop w1y dodail 0 5l Sbuls lide s 0D
] 65,8 anslie Jlasl

hoolaiol b e 5 (5500 YoV Jlo jo Jie 3l aw
ol s ¥ Glley Jise Seelid (gjlwand
(Wor) S35 S dgdsb Sl 1) o glojwrs
092> 4 Yagl VY jlad g peglli ¥ Jobo b (ele 09,5 (y9
Jsge Hlle lanl 43,8 wypy POPC” o) slie
“pmloden 0,500 10 (gilwdnd e b Aty GIN
3 ol Gygo 4 dolail HIS £400 50 .05 pldl (NPT) Lié
45 Cd,5 1,5 POPC slii o3l sl 5l pg il Yo alols
ol o Jsg0 5 (SIS o 5205 (sl iiSanyy o
P ol gl oSse ai ) b aS as 5ony slié 4 g b
Has ) slis 190 4 i 4 gl cladsse oy
5 bl Y0l iy 4 pgd g Sl JoSUse bl ) Ll
[Ve] 598 00 il dglgil 5l ailigil AN

S S sbadgal Sl ookl o)t pReR 53 cnlpl
sobate 4 ((Jldue) diadan Slujg)ls i (lgis 4 o)l

? Functionalization

* Clathrin-dependent endocytosis

3 Dipalmitoylphosphatidylcholine

6 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine
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Normal vessels

Blood flow .
e e PV Ve e

EPR 1 &, 5l (sy9095 (sl ;0 @l ydgil moos 1V JSS

S $U yglid )3 con 3y90 jldle ppap)Sp jl (S
Slodlglgll unl 0ad d)ly (KI5 g ) pole aoye @
il 3 B pamio llg5 «SasS ojlil S 4 &8 it ()8
©hy plewd 9 (N3 (Shy g lewdly slalisjl jee
ol @bl il Gloces] gen wlge
Sodlazsl Simgsy cnl 3 [F] 29 odlil Sl jus (gl 9055
5 s sl soglb clsis & osnd 5 (S (sladglgl
Sladggl o bl j) el kb odlitul by loy
4 Gloy belge (il o il blg 4 (lgiee 3 (S
o)Ll daxie (st @lge e g (Joho slis) Bun L

DS
Sl ool b o 5 (b slaody ool
So sl maw cond &5 (b 4 s Jyss
oA gy casl gl (5093 1) 3 e 5 Sl g0
DBl Cam 12lS 5 (Lol lacis, S Sl g
tbord i 5 2ol ol Caslagl (683l 5 oMo
I B e g o Sl GRS slp Glgie |y Slpdgl
So 2 b B Jibe o Jpame S mmond
Sl Conlad Al L Gl e85 ) 4 gy Sl
Jbe lais @ sl dlgo cpl Caow Mol sl (6,555 b,
-CdSS g 4y el Jslore o)lnd S5 S sladglsil
oo oMol (S3I L ol ol g 5,15 (51508 Caroms (59
Wle (olerd (slaog)S Jlail sl pbxl LB waw
el el SelenS5)S 5 i Cadlpw (g Cudlgu
S5 o)l S5 ol s Jslome (> g Colad 38

! Surface chemistry
? In-vivo
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* Steered Molecular Dynamics (SMD)
3 Constant Velocity
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? Microstate
* Periodic Boundary Conditions (PBC)
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! Bonded interactions
% Non-Bonded interactions
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! Tetraethylene glycol

2 Density Functional Theory

3 Becke, 3-parameter, Lee—Yang—Parr
* Mulliken charges

* Fluorouracil (5-FU)
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? Nanoscale Molecular Dynamics
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Investigation of the diffusion process of complexed
fluorouracil drug in pristine and functionalized carbon
nanotubes from POPE membrane model using molecular
dynamics simulation

S.Ziaei ', J.Azamat * and H.Erfan-Niya -

1. Department of Chemical Engineering, Faculty of Chemical Engineering, Sahand University of Technology, Tabriz,
Iran.
2. Faculty of Basic Sciences, Farhangian University, Tehran, Iran
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Abstract: One of the most widely used structures in nanotechnology, which has entered the field of biological
sciences, are carbon nanotubes, which due to their small size, special ability to cross the cell membrane, can be used
as a drug carrier to identify and kill cancer cells. In this research, to achieve better biocompatibility, the addition of
some chemical groups to carbon nanotube was studied using molecular dynamic simulation, which resulted in
improved targeted drug delivery performance by surface modification. Also, to evaluate the effect of functional
groups, first, the nanostructure without functional group along fluorouracil anticancer drug was investigated. Among
the analyzes used to investigate the drug-carbon nanotube interaction with the POPE lipid bilayer membrane in the
aqueous medium, we can mention the mean squared displacement, etc that Among these, the analysis of the radial
distribution function to compare the water concentration around carbon nanotube and Mass center distance analysis
was performed to evaluate the stability of the drug inside the carbon nanotube and then the diffusion coefficients of
the carbon nanotube-membrane were compared with different chemical agents through the mean squared
displacement. From the results, it was found that the binding of tetracthylene glycol increases the concentration of
water around the nanotube as well as the stability of the loaded drug. However, the presence of tetracthylene glycol
Led to a decrease in the diffusion coefficient of the nanocarrier.

Keywords: Targeted drug delivery system, Carbon nanotubes, Fluorouracil anticancer drug, Lipid bilayer membrane,
Molecular dynamics simulation
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